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H " PURPOSE OF THE STUDY 

The Bureau of Vocational Education, Louisiana State Department of 
Education was awarded a "grant to malce a study for, the articulation *of- 



competency-based curricula, fdr the cioordination of selected vocational- 
technical educitribn programs, Vhe five areas selected for study and' 

development of competency-based ct^ricula we^e: (1) Alr-codditioning/ ^ ^ 

Refrigera^n, (2> Drafting, (3) El^ronics, (4) Nursing, and (5) Office 
Occupations. \ 

A jceam.o^ writers worked duriiic the Summer of 1975 developing curricula 
or guide^s. for teachers on the three institutional levels: . Secondary, Post- 
secondary, Vocational-Techi>itraa^, and Associate Degree progr^ on the 
collegiate level, \ ^.^^ / ' ' *- , 
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INTRODUCTION 

The material presented in this two-year high schopl electronics program 
is directed toward the average student. Emphasis is placed on application o$ 
electVonic theory. .An understanding of- the basic mathematical operations,^ 
algebra and trigonometry, is desirable. As the student progresses through 
the course, essential mathematical concepts aif^ emphasi^ed^ It is the intent 
of this coursfe^tO encourage the student with a less than adequate mathematical 
background -to succeed in electronics. This , is ^chieved through the exteoaiye 
use of experiments and hands-on experiences. Safety is an integral componeht 
of each task and is emphasized repeatedly to the student as progress is achieved 
throughout the course. = ^ , 

It is the objective of thfs course to^royide the average student with a 
wide background of experiences in basic' electronics during the firsXyfear.^ 
Emphasis is placed oa the us.e xjf^-p^sive components, practical circuit analysis 
and diagnosis of basic circuitsT^^rogress in the second yeair is correlated 
between basic circuits and the areas of aadlo (tape players) „ ^addo and tele- 

4 

vision. Re-emphasis of the basic circuits is achieved through hands-on 

experience In diagnosis and repair of live work. - ' . ^ 

This competen<jy-based.ix:urriculum 4n electronics is presented for possible 

implementation at the high School level. Its flexibility is limited only .by 

the goals of the instructor. ITse of breadboa;:d instruction such as flickok or 

Lab*-Volt can be used to ac^Leve many tHe competency-based taeks. 

* ** • • , . ' • 

This curriculina does not p'roduce a cftrtifl^ed technician* IX permits the^ 

Student to malce a realistic 'career decision. as to potential Success in electronics^ 

*and provides a technical Ijackground for further .training after completion of high • 

school. The student is able to entet the trade "at th^e apprentice level. 



... ,> ELECTRONICS FOR HIGH SCHOOL STC^E2tTS^ 
^ . ^ PASIC ELECTRONICS, RADIO AND% - 

' . FIRST YEAR • y 



I. \,Ba8lc Direct* Current Theory 

A» Electron Theory • ^ , . 

:-B,.. Enc g^ S ources - , ^ * ^ 

\ C> OhuP 8 LaW ^ 

d\ ConductorVand Nonconductors • \ 

E. . Simple Sd^atic^ 

F. The Series ciiicuit ^ ^ 
> The ParallelVcircuit 

:^H. The Analysis lof Passive DC Circuits 
• • ^ ; , . 

II. The Operatio^n and Application orBaSlc Measuring Device? 

*A. The Galvanometer ' 

B. The Ammeter 

C. The, Ohmmeter 

D. The Multimeter * . • - * 
E- The Oscilloscope. \ 



III. Fundamental Passive Compooi^nta . • 

-V A. Resistor. Characteristics 

. J B. Resis.tor Color: Code* ' 

C. Cap-acftai^aracteristics * - 

h CapaHtprtoTqr Code 

E. Inducto^^Charact eristics ^ * 

^ F. Capacitors^or Iiiducxorsr in Series 

^ G. Capacitors or Inductors In Parallel , - 

. «H. Time Constants ^ *^ 

IV. Alternating Current Theory . ' 

A, The Sine Wave , * 

B. Instantaneous, Peak, and RJIS Values of Voltage 
• C^Instantaneous, Peak and RMS Value? of Current 

D. Inductive and Capacitive Reactance 

Victors c> 

-F* Impedance • . 

G, Resonance 
^^H. Series Circuits - - 
. r. . Parallel Circuits ^ ... . 

V. Power ' * . 



Application of the Oscilloacope 



A. Familiarisation with Operational Proced 

B. Limitations and Advantages 
Vdl€age ..Interpretations 

',D. Waveform Interpretations 
E. Frequency Interpretations 



VI. Vacuum Tubes 



A. 
B. 
C. 

fi. 

. F. 
G. 




Theruiojilc 'Emission, 

; Characteristics 
Triodt Characteristics 
Tetrode Characteristics* 
Pentode Characteristics 
GaSv Tubes 

Cathode Ray Tube . 



VII. .Sepiconductprs 
• ^ 

A. . Current 'SCarriers 

B. Bias ' ' 

C. The-fN Jurfctifin Characteristics 

D. Trqnsistor\ Characteristics * 
. ^ E. ' PNP ^ncP liPN v , • 

F. Circuit Parameter Measurements 
Biasing and Stabi-li^atioh 



VIII, Schematics 



A. Amplifier Block Diagrams \ 

B. Tape Player Block DiagramV 

C. RaHio Block Diagrams 



IX. Power Supplies 



A.\ The Transformer 

3. Half-Wave Rectification 

C. Full-Wave *Rectif ication 

D. Voltage Doiiblers 

E* Bridge Rectification 

^. Filters 

G. Regulators 
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X. Anpllflers* 



J. 



A. Volta§^ Amplifters*' 
B» • Curij&nt Amplifiers 
P^er Amplifiers ' 
Dv Coupl,ed Amplifiers • 1 
E. ' Frequfency jGH^racteristics of Amplifiers 
* Dl^ortiori ,/&alysis of Amplif iMs 

• 4 

XIn Oscililftprs \ • ^ 



ji^ -"^^ Armstrong 
B» Hartley 
, Colpitts 
Multivibrator 
E. -Crystal* 
. F. TPTG 



1»V V- 



XII. Receivers 



A. Wave Propagation - 

B« Antennas t- 

C. Timed fCircuits 

D* Detectors 

£• Superheterodyne Receiver 



SECOND YEAR 



• I* Business Procedures 

A. ' CuJ^comer Relations 

B. Advertising 

C. Estimate of Repairs . 

D. Financing 
£• Display 

F. Service Ordervs 

G. Set Identification 

H. Invoicing and Billing 



II. Test Instruments 



JA/ Equipment Safety 

j B. Basic Test; InstrumeatB 

C. Signal Trac^fs ■ ■ 
^ D. Oscilloscopes. 

Signal Generators 
F. Human Sensors 



HI. Aaplifiers 



• A. Safety 

• > B. .Block Diagram 

"C. Transducers 

D. Controls 

f E. Preamplifiers 

F. Voltage Amplifiers 

'G, Power Amplifiers 
Troubleshooting 

IV. Superheterodyne Receivers 

A. Safety 

B. Block Diagrams 

C. Cbntrols 

D. Antennas \ 

E. RF Amplifiers 

F. Hlxers * - ^ 

G. IF Amplifiers 

H. Detectors 

.1. Audio Amplifiers 

J. Pover Supplies 

K. Troubleshooting. 



V. Monochrome TV Receivers 

A. Safety 

B- Introduction to Television Theoi^r 

C. Block Diagram 

D. Controls 

E. ^The Tuner. 

F. The'^tF Amplifiers , -« '^/^ 

G. The Video Amplifiers ]^ 

H. The Audio Ampjlfi^^s V 

I. . The Sync and ^GC Amplifiers ^ , * 
J, Vertical and Horizontal Deflection Circuitry 

• K. Power Supplies 

L. Troubleshooting 



'VI. Color Television Receivers 

A. Safety 

B. Block Diagram 
C< Contjols 

D. Convergence Procedures 

E. Picture Tub^^*?^M.ng 

F. Troubles* 



Task 1: Introduction to Basic Direct Current Theory. Analysis 

Performance .Objective s: , ^ . . 

■ ~ ' ' \ 

Given paper, pencil^ and no references, the*3Learnet is to:^ ♦ - 

^ 1. Analyze a passive DC circuits The drcxiit consists of a: source of 

energy, a method of controlling the flow of energy, a method of * 
• ^ transportiogr-th^^ergy and a .resistive Ioad» ' / 

2,' Identify the direct sources of energy.. * ' - " 

3» List the characteristics of conductors and nonconductors, 
A, ' Draw and analyze simple 'schematics using Ohm*s Law as- applied to 
series or parallel circuits/ ' ' . 

Criterlon-Referenped Measure : The learner is to cociple£e tlie -analysis within 
two hours with a minimal standard of 80 percent accuracy. The learner i5 
allowed to repeat until he achieves personal goal beyond , acceptable instructor's 
goal. 

" " • ■ ^ ■ ; , ^ 

Task i ; Introductiotn to Electricity . t . ' ' 

.■ ■ ■ ■■ - ■■ ■• 

Performance Objectiv es; • " 

\ - * ' ' ' 

»<Jiven verbal instructions, the stixdent is to; ,^ , * 

1. List the need for tKe theory of electricity^ wfiVe propagation^ , sound, 
^d lightv * - ' * . . • 

2. Work the math that is needed to solve tb,e basic concepts of electricity. 

Criterion-Refer^ced >leasiu:e : Each student will be tested tci meaSure.his plro^ress 
to at ^east ,60 per<:ent accuracy.* The learner is allowed 'to repeat until he 
achieves personal goal beyond acceptable instructor's goal. He^must be abje to 
sho^^the relationship between basic electricity and math. 

1.. tfxitten test ' ^ ; ; ^ 

•2. Orel drills . ^ ^ ^ - ^ , . ^ * 

3. Class discussion - . * * * \ 

- ; . - • - . 

Perfor^aancfe Guide : ^ _ " - , ^ . . 

- ■ \ — ; ^ 

1* Th6 lise o^ electricity as a soured of ene?:gy * s - 

1^ Electronics <^ • » * ^ v. - ' ^ , ■ 

^ 3» Heed for acknowledge of electricity ' ' • ' .* 

4. Wave propagation- >^ ' • . > . ^ 

5. Sottod ' • • • ^ • ^ 

6* light ' - : . 

i> Prerequisite math ^ ^ ' ^ • • 

A. "Ifujgbft system ' - * • ! ^ ; ^ 

* * ' B,^ Arithmetic operations ^ "^-^ 

C. Exponents .and} radicals • • 

*D. Power/of tenf ^V' / * * ^ t< ^ • • ^^"^ * ' 

V • Basic Algebra ^ ' . ^ • v_ 



Task 3 : Soldering and Hand Tools 



Perfenaance Objective ; ' ^ , ^ 

\ ~- - 

* The studeat will identify the correct nse forehand tools and soldering 

^ technitjues that are necessary for electronic repairs. \ 
• « 

% 

• . * * 

Criterion-Referenced Measures' ; Each' student will be able to solder various c;on-^ 
nections in a chassis. He will be able, to wiiie. and splice •various sizes of 
wire, yse the hand tools in the correct manner, ixse the correct soldering 
.'procedures, and all safety rules. He, dust be abl6 to achieve 100 perceo^ 
accuracy. ' . * , * . 



Performance Guide: 



1. The solSering gun 

2. The soldering^pencil, 
3., Thetbols of the trade 

'A* Diagonal qutterg 

.Long nose pliers • 
- C. Spin tights 

D. Screw drivers 

E. Reamers 

F. AdjusVlble wrench 

4. The use^of the chassis 

5. The use of the chassis punch 
6.. The terminal strip 

7.. Splicing of* wires 
•8.* Safety 



Task A: Theory of Electricity 



Performance Objective ; , ^ . ^ * " ^ 

Given the equipment listed below, the student will*be able to ^ist - 
the basic 'Concepts -Of magnetism,' electric£tyr 6lectranl^,'':ii^*t&e- EIA ^ 
color code for resistors* ♦ * — i ^ — • * 



Equipment: 



1. . Vari^bus sizes of resistors 
2'. Bar mafenet 

3 . Galvanometer ^ . ' * 

•A. Iron filings /' 



€iven a lab assignment, the student will 'be. alile t<^: ' 

1. Demonstrate tvo ways of generating v?MF^ . - • , • 

2. Apply t;he EIA color corfe when given a tray of assorted resistors. 



CrlterlODr-Rgferenced Measure : The student will show b</ written test and by 
demonstrating that he cap apply to at least 85:' percent » accuracy the basic 
concepts of electrical theory and the EIA colbt cpde to •ID'O percent accuracy^ 
He- will be allowed to repeat until, he adiieves* personal goal beyond 
•acceptable instructor's goal. 



Performance Guide : 

1. Atomic structures 

, 2. Conductors 

"i. Eiect;r,ostatics * / 

4. Magnetism 

5. EMF 

6. Methods of producing EMF 
1, .Electric current ^ 

♦ 8. Resistance EIA colot code 

9.' Symbols and abbreviations 



Task § r Direct Current Circuits ^ 




^ Performance Objectives : / ' ^ 

. ■ Given the ec^ipment listed below, the student will, be able t6: 

1. Solve a problem for .the/ current* voltage and resistance in a serips, 
parallel and comRciun<f circuit?. 

2, Hook up his circuit and prove that his calculations are' correct* 
* . , ^ •* * / • 
Equipment:* - , ^ * v. * 

1* Large chassis • • . • ' 

I ' 2. Power s\ipply<7 0 to 400 volts . • ' 

• 3. Assorted sizes' of resistors * , • ^. 
* 4. Teminal strips^ • - * *; ' • 

. , 5* .Soldering gun ojr pencil • . ^ * * • . ^ 

• 6. • '^olt, Ohm,»*Ann^ter v • ' ^ 

* * 7. Bread board' and fans tock* clips V 7 • * 

> 

. * Given a lab- assigmet^t, the student will .be able to: 
» * • 

^ 1. Wire a -sp^ies and parallel circuit in his chassis to prove that the 
calculations that he has done in' the dassrocQ are-^correct, 
2. Show the 'correct -procedures and safety precautions while i»ing the y 

• 3* Show the proper way to use^the-VOM to*100 percent accuracy. 



Criterion-Pfeferenced Measures :^ The student will be tested to show the fcasic DC 
circuit, laws, how ^o calculate the current, voltige' and. resistance In^a ^ \ 
series, parallel, and combination circuit. His' soldering technique will be 
observed'to check his progress* He must be able to achieve a minimal standard ^ 
of 80 percent accuracy* He is* allowed' to repe^ until he achieves personal */ 
g6al beyond acceptable" instructor's goal. * - . *• * 
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Performsince Guide: ^ * 

!♦ Th'e simple. circuit 

2. Factors gowrujng current tlw 

A. Voltage 

B. Resistance ^ 

3. The .nattire of resistance ^ ' 

4. Series circuits , 

5. Parallel circJuits 

6. Co^ination circxiits ' 
?• Voltage dividers ^ 

8, . How to use the VCM * 
" 9, Safety 



Task 6: Batteries and Cells 



Performance Objectives ; 

Given the .equipment listed below, the «Ti^ent will be able to; ^jj^-'^ 
. * ' • ' ' '' 

.> I. Measure the voltage .apd check the condit4on and prbpejr care of ' * 

the various types o£ c^lls. •* . v k*' ' 

i. Series ^and;^.parallel connect various types of cells.-. ^ 

Equipmtot: , 4 ' ' • ^ . ' ^.^^ 

1. Lead acid storage cell ^- T 

2. Hy drone ter- 

3. Various si;:es of. dry cells 

4. -6.3yolt lanp (47 or 189^ laiapa) / ^ - ' 

5. Hbok-up wire, solder ^ ^ / * 

-Given ailab'^signaenj:, the student will be able to: ; 

1. Demonstrate htjw to 'series connect and parallel connect t^e batteries 
' ^ when given two bulbs . ^ ' . ^ '^^ 

2. Show how to use the hydrometer • . ^ . ^ 

» Criterion-Referenced Keasiiret- The student will l?c test^ to sKow hig lability 
to tell tie type^ of cells, their voltage, and proper 'core,- to a£ least 80 
percen? acciiracir '^y tkfe {ise of a: (1) vritten test, .(2) oral t^t, or 
(3) perforoance test. He is allowed fo repesat until achieves persopal 
goal b^ond acceptable instructor's goal. ' • / . ^, ' 

* * * 

PerfonaAice Giiide ; ' / 

i. " T^es^ CeMs . ' ' 
A,. PrliSsry 

)«(2) Br^Blls , 
I (3) Mercihty cells 




B. Secondary Ceils 

(1) Lead ecid 

(2) Nickel cadiiEu 

(3) ' Nickel iron 
2.' Cells in cppbination 
3» Battery maintenance 
4. New development • 



Task 7t Magnetism and EJecttomagnetism 



Performance Objective : 



' / The Student will illustrate and define the tbasic magnetic and 
.» " ele'ctromagneeic laws and theory" by using the fallowing equipment. 

Bcjuipment: ' • 

1* "Bar magnet * * • * ' ^ * • ' 

2.^ Iron filings ^ * , 

• 3^ Compass 

- * . ' Av' Small gauge wire • . 

• -.5.. Power supply 0 t© 40 volt Hickok 550 or equivalent 

tSivea a lab assignment, the student will be able to; 

14 Prove with the eg.u£paent; stated ^ove the^ basic laws of magnetism 

and electromagnet ism. , , ^ . . ' 

2, Prove that V?hat hafe been stated in class is a fact* 

cAterion-Heferanced Measure ; Th$ student will be tested to prove that 'he 
ban list the basic laws and, theories of magnetism. He must demonstrate a 
•minimal standard of 80 percent accu;f^cy._ He is allowed to r;gpeat xmtil 
he ^ciii^ves personal^goal beyond- acceptable instructor's goal. 

Performance Guide ; * r.^ » • * 

— ; ' 

1. Magnetic fields about ^ conductor 
N 2. Slagnetic; field of a coil ' - , • 

A. Field strength . 
^ B . Magnetomotive force* 
' C. FTux path 

. D. Reluctance ' . ^ * * * . 

•3. Applications of electromagnets . •* 
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Task 8 : . The Operation and Applications of Basic* Measuring Devices,^ 

• ' * - ' ; ^- , X, 

Performance Objectives : " ^ * . , ' ' . * . > 

Given paper, pencil, fialvanometet. Ammeter, Vql totter, Ohmmeter, Multimeter. 
a passive eircoit acd no ^•references, the learnjar will "be able to: 

1. Idetrtify in wrl.t^ing each basic measuring device and lisf its 
characteristics. - ' ' 

2. Connect feach measuring device correctly to the* passive circuit. . 

3. Write the value indicated by the pointer on the 'spale.. 

* -A. Wri;te tl^e value indicated by ^he pointer . on measuring devixies' 
which have more .than one scale." ' * 

5. Write the vaiue iididated by the ppinter oi{ measuring devices >i 
which have more than one s^ale and a rang^ switch. 

6. Write the.value lodicat:ed by the pointer on a measuring device, 

' select the correct range position and the correct f unqtion position 
of the range and function switch(es) . . 



Criterion-Referenced "Measure : The learner is to complete all measurements and 
listing within twcJ" hours with a minimal standard, of 80 percent accuracy. Th^^ 
learner is allowed to repeat until he achieves personal goal beyond in^truoto?' 
- goal. , . . > 

. . / ' ^ ^ • . 

Task 9 : Meters : How to ' bse' Therii and How They Work J J 

Perfo nnanoe Objectives^ - ' . 
^ ..'.*. , ^ - • V 

Given an ohmmeter, Ammeter, and^ a multimeter ^ every Student in elettroni<;iS 
oust be able tp: ' . ' • ^ ^* ^ ^ . . 

. , * 

1. Use*mejE!ers and repair tli^ if j:hej beciome inop^iptttly^. ^ _ ' ^ ^ 
" 2.*^(Jutriine^the operation,^ the safety procedures,' anS the ccirect use of 
each. ■ , * X* * ' • ' 

Given one chassis, o\ie' ffie^^er and assdiU:ed components, * the student will be.* 
able to: - -x / 

' ; . ^ • > ^ . • ' ' \ ' % " • • * 

1. Make an ammeter,* 'ohciietei:, and vor6n^ter. , " ' • U ' ' 

2. • Calculate dll-yalucs an;} .^conpon^ents tWat Jfre. needed M accomplish the 

task... ^ ^ ^ * * ^ 

• ifir^up the-oetfer& in the chassis. ' ' ; .^--y ' • 

* ^ 4.- Follo^'^^lL safety rules to make certain the e^uipmept^is used in tlie 
. ^. * . rJL^ht^ banner..^ (Hava all work checked "by ins truclor), r 

Or iter ion-Kef erented Ms^sute: ^Each StHdegt vi^H be 4:estfed t'c^/jaake sure that 
he 'c^MTwrlt^e-iill the laws, tiie^prt^per^use, and the cate of allji .the* meters 

•covered ^n.this unit x>5 "instruction. * l^he student mxt% achieve a mlnliaal 
standard of §0 percent-accuracy but* is. Efliowed to repjjat untUt he achieves 

•-personal goal beyond Acceptable instructor's goal on t^is unit IjiyJ (D written 

• tfests, (2) oral'^firillS'i and C3) performance testa: . X : *: y 



* II 



Performance Guide ; • • . • - - • ^ . 

" ' 1. Amaeter . ' i^. -•J " * ^"6 - -"'.fT ~ 

' A* D'Arsonval Meter Movement ' ^ 
'^y Deflection seigitivity • , ^ ' \ 

C. Meter scales ' » " - \ ' - / 

D. Anmjeters , ^ ♦ . • . ' • , 

' . £. UulJfirange meters ' ^ * . ' ^ ' * , 

F. Amfcter construction ^ "J^ 

Care of meters . ^ ^ S ' 

, y H. /Mathematics • * ' - ' . 

2. Voltmeter , ' • • • * " ' 
/ A. Voltmeter theory of operation - , • . 

B. Voltmeter multiplier • . ■ , . • - 

C. Voltmetel^ construction ' * ^- . •* 

• I>, Care of voltmeters • • ♦ . ' • * ^ 

3. Ohmm^ters * ' • . . ' * 
A. . dhm'^s' Law in -otiiinmbters^ • • ' 

. • > B. "The series 'ohmmeter . ^ '"'^ ^ - 

X,. Shunt typ.e ohmmeter ' ' . 

. \ ^ Care of ohm&^ters C f 

S. Matheaatios ' \> - »^ • % - 

• V*4. Multimp.ter • • ^ > " • • 

A. Caxejof multimeters - • ./ - ^ * ^ - 

. Safety precautions when using nniltfmeters , 
' ' " ' • . . J • * ^ ' ' . 

. Task 10 : Miscellaneous- Ifeasuring Deyices ^ - ^ , ^ 

Performance Objectives ; \ . ^ 

'.^ - i-' 

^ X Given .The equipment listed below, the student y^ll be /ible to: - . 

- * Iv Identify other measuring devices used iiCelfectronic service work: 
' 2. Use..the^evic^ CQrrectly and apply ail the safety, rides while 
using the equipment. * ' - ^ ^ „, 

'^v ». • > . . • ' - 

Equipment: \ * / • * . ' ^ 

1. 4 Multimeter ^ . - . ^ ^ ^ 

2. Wheatston^e ^ \ , * • / ' . 

3. ' Megohmmetet -r ' ' , • , " . . - . , ^ 
'4. VTVM^ (Vacuum TulTe Volt "Meter) I ;^ , . " 

S. Xube'tester ' ••i I 

* 6. Transistor -tester ,1=^ . 

7. Digital measuring deyltes (voltmeter, ohmmetet,* 'frequency counter) 

fcriterion-Ref erenced Meajjure^ the student will be tested to^be certain that 
he can use the equipment in the proper manner, and that^he oan, apply all the 
safety rules* He must Be able to 'achieve. 90^percent accuracy on this»u^it 
but iffiallowed to .repeat until he achieves/^rsonal goal beyond acceptable , 
instructor's goal by the use of: (l>-^^itt6n teat, (2) oral teats, ot 
(3) performance tests. ' * ' . ^ • 



Performance Gtilde ; — f ' ' ^ 

it . ' «- 

1. ^Multj^ter * \,\ ^ V • * 
2i Vacuum tube- voltmeter ' ■ . * • ' 

' 3. Wheatstone ,brLd|e . ' 

4* Megohmmeter * * . . ^ 

5. Tilbe tester^ ' , ♦ 

' 6. Transistor -testers ^ * '* - 

7. Oscilloscope ?. \ 

. . , ■ ^ -v ' ■ ' ' . 

• Task 11 ; Fundamental Passive Oomponenta 

Pef^onaance Objectives : ' * * 

- r- — • f " 

Given resistors, jcapQcitors, inducElwrs, •ohmmet^r, capacitance aod^inductance 
^'tes6«r, paper, pencil and. no refer'^^^s^^/the'tSark^^ to: 

' .1.' Write the ^fa^^es ^6f , "a selected nuiibef of different xesistors and 
^ . Xli€ tolerance and power capability of eac^ resistor. * 

2. Write the bptal cojnbination^l value of a selected number of ^e^stors 

• 6f the same value connected in series or parallel' or combinations of 
. ' series dnd -tJarailel. . . / . • * • 

^. 3. Write the total valu^.cff a selected number of different resistors 
• ^ , co'nnected in series. . • 

['A. Wrl^e approximate total value to within 25 percent. Accuracy of 4. ^ ^ 
selected ntimber of .different r^si«tors connected in parallel. ^ 
5* Measure £aid ^record hy using an ohmmeter any combination of resistors 
- counected in s^^Vies; parallel or both, to Within component .tolerance. 

* ,6~. Repeat above procedure for capacitors and* indt^ tors. 

7^ Use capacitance tes^ter or the iUiductance tester, correctly for these 
measurements. 4 • »" • • * - , ' * 



Criterion-fiefer.ence4 Measure: - The learner is ^to coml>lete writings and measur,e- 
ments witbit\ tw6 hours with a ninimapL st^dard or 80 percent accuracy* He id 
^allowed to'tepea): juntil he achieves personal goal beyond acceptabl^e instructor's* 

goal. . . V. ^ • - • • '..:r^ ] 

- ^ , ^\ ■ . . . / - 

- • \ - ■ « ^. — — y \ 

y ^TsBk jL2 : Intt&d^c^ioii Trigonometty ' ' 

Terformancfe t ObM:tiirer^ > . ' * 

Given papettj^d Wenc^il, the stXident will be able to apply, the mathemAtics 
■ilt^ded to s^fce problems in electronic circuits. , ^ 

• Criterion-ilef eretiete^ "^sure ; The ajtudent >^11 be tested ^to .make sure^^that he> 
can eolve a rig^ht <:6|an^e ..u6ing trigonometry and applying' it 'to AC electrical^ 
circuity. ii- • ' . ' 

^ « ' • ( ) .* 

. ' ' % ' K 13 ^ • 



Performance Guide: 



1. Angles 

, A» Generation of angles 

B* Angular measurement 

2 . Similar triangles 

3. The right triangle 

4. Facts about triangle's 

5. Trigonometric ratios 

6. Solving right triangles 
?• Sine ftmction 

• 8, Amplitude \ 
' 9^-^nrr^quency ^ - - 

IQ. Period 

liVJUiase " , , 

12. Problem solving session 



Task 13 : Alternating Current Fundamentals 



Performance Objective : 

The volume of energy produced for commercial application makes the study 
of alternating current very Important to the electrician. All electronic 
circuits are based upon alternating current phenomena. Th^ study of alter- 
nator theory and the commercial applications of alternating current are of 
utmost importance. Using the above information, the student is to list all 
the phenomena and theory of alternating current. 



Criterion-Referenced Measure : The student will be tested to prove that he 
can list alternator theory and phenomena to at i^st 80 percent accuracy. 

Performan ce^ Guide; - , - . ^ ^\ 

" Y~ ■ ^ • 

1. Alternktor theory ^'^ — " 

2. Variation of alternating EMF > . i - 
3* Frequency spectrum 

' A, ' Hertz 
5, AC values 

6> Measuring alternating current ^ 

7. Mathematics ' * ' . * 



Task lA: Laws and Properties of Inductance 



Performance Obiectivef 

Given paper, pencil and ^lo references, the student will be able to list 
the laws and propterties of inductance in order to apply this important 
circuit -phenomenon* 



Criterioit-Referenced Measure ; The student will be tested to malce certain he 
caa apply the laws and properties of inductance, and can solve LR circuit 
impedance to at least 80 percent .accuracy.. He. is allowed to repeat until 
,he achieves personal goal beyond acceptable instructor goal. 

Performanc e Guide: * . • 

1. Definitions * . * 
. A. Inductor ^ • • 

• .' B. Inductance 

C. Counter EMF 

D. Henry i 

2. Theory of inductance 
' 3. Physical aspects 

4. .Series^ and 'parallel combinations • 
5» Inductive reactance * , 

6* Inductance and resistance ' " ,^ • 

: ?• Impedance 

Is. Probl^ solving session ' '* 
Tasi 15: Transformers 



Performance Objective : 

Usin^^ the material provided, the student will b^ able to outline and 
illustrate the action of a transformer in electronic circuits. 



0 

CpiteriQn-rRefei^enced M^Sure : The student will be tested with a writtfen test 
to check his progress to at least 80 percent accuracy. He will also be givei\. 
a performance test to^ checlc his ability to work with transformers. ^ ! . 



Performance Guide : 

1. Magnetic induction , < 

2. Transformer acjtion ^ - 

3. Power in transformer circuits 

4. Transformer construction^ 

5. Transf^Dtmer fosses 

6. Considerations . 



Ta5k 16 ; Laws ^nd Properties of Capacitance,^ 



Performance Objectives; 

1. The student wtli.be introduced to the laws .and "properties of capaci- 
tance in order that he may apply this important citcuit phenomenon/ 

• * « * 



24. 



P..;.Wn n>R.f^renced. Measure : The student wiU be tested to make sure that 
[rc^ appS^ laws and pro perties of capacitance to at least 80 parent 
LcScy! L i allowed to repeat until he achieves personal goal beyond 
Instructor's, gokl. 

•* ♦ 

Performance Guide : ^ * . 

1. 'capacitance and factors affecting -capacitance 
^ 2. Capacitor ratings " . \ 
• * 5/ Caoacjftor combinations V 



3/ Capaciftor combinations 
A. Series 
* •* B. Parallel 

4. The RC Jtime constant 

5. Types of fixed capacitors 

A. Mica 

B. Paper 

C. Ceramic 

D. .. Synthetic filA 

E. . Electrolytic 

6. Variable capacitors 
/ 

Task 17 : Alternating Current Theory 



Performance Objectives ; * • j ^ ' '^K^ •* 

Given paper, pencil and no references, the.leamer is 't^'^' ^ ^ . . 

1 ' Draw a sine wave and identify frequency, period and f ^e^lengthv . 
. 2. Draw and define instantaneous, peak and values of , voltage .^n>i . 
current . 

3 Define inductive and capacitive reactance. ^„j„^».,xU 
. ^/.^sSvfsSple circuits using inductors or capacitor^ or both inductors 

1 iand capacitors.* v ' *^ 

5; Draw and define a-vector. , ^ 
6. 'Define impedance. * . f^nmr 

Define power,, true power, apparent power ^nd plDwer factor. • 

" rr^tPrlon-R6fefenced M easure ; The learner* is to complete- the definitions, . 

^^^^ -:^^i^^^=r. 

goal. _ 

Task 18 r AC Circuits ^ , " . 

♦ •. * * . * 

' performance Objectives ; ^ . - 

Given proper material, the sti^ieiit will be able to; • ' 

1. ^^olve problems in series and parallel^and combination AC ' circuits. 
' 2. Outline all AC circuit oactifin. 



Criterion-Referenced Measure : Tbe student will te tested to make sure thajt 
he can solve AC circuit' impedance, power factor, and^ power consumption. He 
will also be tested to solve resonant frequency problems, lie must be ab^e to 
achieve at least 80 pertent accur-acy. He is allowed to repeat until he 
achieves, pe^rsonal goal beyond acceptable instructot's goal. 



Performance Guide: 



1. AC circuits • \ v' 

. i. Reactance : ' '* J 

A'. Inductive 
• B. Capacitive 
•3. Phase relations ^ 

4. Vector representations 

A. Rotating vectors 

B. ' J operator , 

C. Elementary" vector algebra 

5 . Impedance^- 

6. ^ Power consumption • - 
^7.^ 5eries,AC circuits 

A. ' Capacitive circuits (ICE) 

B. Inductive circuits (ELI) 
C Resonance 

8. ^ Parallel AC circuit? 

A. Capacitive^ 

B. Inductive 

C. ' Resonance 

9. * frequency spectrimi 



UOBvOPPbRTUNITiKS.AFTE&, COKPLETION OF BASIC ELECTRfCITy 
/ ELECTRONICS ASSEMBLER ^ ^ . 



Bench assembler; electromechanical assembler; electronic unit a^semblerj 
utility Operator; wireman. Connects lead wires of components such. as * , 
resistors,^ capacitors,' transistors, d^desi and r^ctif iersi. to spe<i|,1fied 
terminals using soldering iron or spot welder. Routes and !fast^ns jJtecuti 
jumper wires and cables to specif ied contact points following 'wir;tng dlar- 
^ragi and wire list| to form circuit wijing.^ Test circuits, for .short© and 
♦c5>en wires using ohimneters. May cut aJad* strip wires using wire cutters^ 
to prepare jumper wires and^catles. May resolder connections (^replace* 
%ief ective components -and wirings following, instructions 9'f testiiig" ot 
inspection personnel to repair defective ecfuipment'. ' ^ - 
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/^" T^k 19 ; Application of the Oscilloscope 

Perforpance Objectives^ 

Given instructions for operating ao oscilloscope, . a function generator 
and test leads, the learner oust:' 

♦ , 

1. List in writing all controls and their functions wltiiout the xise of 
» the instruction maniial* * 

• 2. List three advantages and thrfee disadvantages in using the oscilio- 
scoge, * , 

3. Identify basic waveshapes, label frequ^cies and neasure voltages, 

/ 4v Use the ringing, test to check for defects in in^ctors. 



Criterion-Referenced Measxire ; The learner is to cooplete taeosurements , identi- 
fications, listings ^d drawings within two hours to within 75 pei;cent accyifacy 
for D; 80 percent accuracy for C; 90 percent accuracy for B; 96 percent 
accuracy for A. The leamef is allowed to repeat until he achieves personal 
goal beyond acceptable instructor's goal, x 



Task 20 ; NEix€roduction to Vacinm Tubes — 
^ performance Objectives : 

' -7 ' . ^ ^ 

t^vGiven p^per, pes icil^ tubes^ consisting of diodes, triodes, tetrodes, pentodes, 
gks tube^ and cathod t ray tubes, the leaimer oust: ' 

1^ Define theifcioaic emission. ' . ,"^N. 

. - ^* .Xist the Characteristics of the tube typea siven.. ^ , _ „ 

Gi'uen a vacuisa tube tester and a cathode ray tiibe tester, the student must: 

1. 'Write the correct operating procedure for each. 

2. Construct a chart. # V ' * u 

3.. .Test all tub^ indicating identifying .nJI|^^r, function,' defects and 
quali^. . * ^ * 

^ \J / ^ ^ r ^ 

Critferion-*Referenced Measure ; The learner is to complete all measurements, 

definitions and listing within two hours to within 75 percent accuracy for D; 

80 petcenfi: accuracy for C; 90 percent accuracy for B;. 96 percent accuracy for 

A* All measurement are to be repeated until in agreement with instructor. 

All listings and definitions are to be repeated until 80 percent accuracy is 

achieved prior to entering next unit of study. *The learner is allowed to 

repeat until he achieves personal goal' beyond acceptable instructor's goal. 



.ERIC 
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Task 21 : Vacuum Tubes , • 

Performance Objectives : h . - 

* > * 

Given needed material, the student will: 

1. Demonstrate the theory of vacuiuk tubes. 

2. Shpv how the diode, triode, tetrode^ and pentode tube is used in 
^ • electronic circuits. 

3. Wire different circuits to p;cove tube ciraiit the6ry; 



Criterion-Referenced Measure ; The student will be tested with a written^^ ^est 
to measure his progress in application of the theory of vacum tubes to a 
minimal standard of 80 percent accuracy. He. is allowed to repeat until he* 
achieves personal goal beyond acceptable instnictor''s goal, fie, will als6 be 
given^a performance test to make certain that he can work with vacuum tubes 
in a live circuit. He.-will show with training equipm^t that he can wire 
varioiis vacuum tjube circuits. 



Performance Guide : ^ " 

1. Alison .effect 

2. ^raiission of ele,ctrons' f 
' A. TheCTonic^ emission 

L-^ B. Photoelectric * 

C. Secondary esTission 

D. Cold cathode 

3. The diode tube * 

A. Construction^' of diode 

B. Physical' construction 
'C./^p,eratfion pf' diode , ' 
D. Tube socket and babe ' 

4» Mathematics- ' - 

5, The triode * • 

A. Construction of £he triode 
« <\B. Operation of the "triode 

(1) GontroL^jgftbd action. 

(2) Bias.^ 

C. Tube characteristids 
Ampll^f icatlon' factor 
Plate resistance ^ 

(3y TtanscoiSductance 

6. The triodei as a variable resistor 
The tetrode i . . 
A, Constructioi^ ' ' 

^ B» Operation • i / ' 

8* The pentode . ^ 

A, . Construction • • ' 

B. Operation7 
9. Mathematics / 



Task 22 : Introduction/ to Transistors 

Performance Qfejectlvfi t / ^ ' 

Given needed material, the learner must: 

!• Show*t)asic transistor theory, 

2* Show operation of b^ic transistor circiiits. 



Critfeion-Referenced Measiire : " The student will be tested to measiire his 
progress and application of basic transistor theory ^o at least 85 percent 
accur-acy. He is allowed to repeat until he achieves personal ^al beyond 
acceptable instructor's ^oal, ■ ^ 

Performance Guide : * - ^ 

General definitions ' ' - ^. 

. 2^ Current: carriers . . • 

3^ Transistor materials . ^ - • ^ ^ , 

4. PN junctions : ^ , ^ * , 

5. PN diode . 

. A, PK diode bias • 
PN diode characteristics 

C. PN rectifier 

D. Zener effect 
£, Zener ^liode 

6« Tuimel diode 
7. Ba^Sic transistor 
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Task 23; Semiconductors 



Performance Objectives : < 

Given tran^ist6r data manual, transistor tester instruction manual, an 
assortment of transistors, transistor tester(s) and an otocaeter, the learner 
nust: ^ . 

1» Define minority and majority cxnnrent caAiers, forward and reverse 
bias, PN, PNP'and NPN junctions. 
^ 2. List major transistor characteristics and paxam.eter measxireaents 
- . "utilized in transistor tester(s). ... * 

3, Draw schematically and define the types of biasixig and methods of 

' st^WlteflXion.- . 
4» List the se^juence necessary for testing transistors when using an 
. • • oiwrneter or vfhen-^ing a transistor €6sler/ 
5» Construct a chart having transistor ntsabeif, function, leakage(s),« 
/ ^. quality and replacement. 

6. Use instnsaehts provided to test" transistors and Record data on 
chart.' 

« - 

20 , . ^ 
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Crlterlcm-Referenced Measure ; The learner is to coaplcte measureacnts, 
definitions, listing, draJ^Ligs and charts within two hours to a Yilnltial 
of 80 percent accuracy. He is allowed to repeat until he adiievesnpersonal^ 
^oal beyond acceptaBle instructor's goal. All laeasureitfents i^L^ to ^ ^ _ _ 
agreement with those of "the instructor. 



Task '2<': Transistor Theory and Typical Circuits 



Perfomance Objectives : ' ^ 

With the material provided,- the student wiSl: , . ' : 

, 1. Illustrate transistor theory and gefieral circuits now in u?^** * . 
2. Show how to check the tra^isistor with the proper equipoent, 
3; Show how to , remove -^nd replace the transistor in the'correct mann er 
without Manage to the circTuits.. * ' ^ . 

Criterion-Referenced Measure ; The student. will be tested to peaexxre his 
progress ion transistor^ thebry, and how 'to check thto, and replace them in 
the c6rrect manner. He must achieve a,t least 85, percent accuracy. He is 
allowed' to repeat until he adiieyes personal goal b^ond acceptable 
instructor's goal. • " * 

/ . " , ' « 

Performance Guide ; . » ♦ , " , ^ 

1. Amplification" 

2. Input-output circ\iit interaction* ' ^ 
.3. Transistor gain , ^ < • , 

4. Cooaon emitter tra^tsistor amplififer * ' • ♦ T ' . 

5. Coamon base transistor ampll;£ier . \ . 

6. Cpcmon colle^pr transistor azaplifier \ . ^ 

7. Current j vcjltage, pcwet gai^ • o; ^ J. 

8. Coaparisonlof cBaracterSt^&s^ - ^ _ _ _ 

9. Characteristiq^ curves ' ' i 
.lO* Powfer 

ll,. Jypical transistor data ^ ^ 

12» Safety precautions ^ • 



Task 25 : Int^rated Circuits 

Performance Objective ; " . 

Given tiaterial provided by the instructor, the student villi ¥^ • 

Illustrate basi^ integrated circuits, how to^use theH> how to reaove 
th6» from the/^rcuit and how to replace thea in the prc^r. ajotner* 



Criterion-Referenced Measure : The student will be tested to measute his ability 
to work vd.th integrated dtcoits, and how to replace 'thecl without damage to the 
circuits achieving 100 perc'^t accuracy, 



Performance Guide : ' 

1. Basic processes * . . 

2. Thin-film techniqiies 

3» Semiconductor techniques ' 

4. Silicon processes 

5.. Comparison vith dlscretf components 

6. Integrated circuits', applications 

7» Safety precautions 



Task 26 : Schematics ' ' . 

• < - ' * 

Perfoitfance Objecti^i^es : • * • r 

Given SAMS ph6tofact ii^dex, photofact schematics, manufacturer data, 
paper or 'block diagram format and ^y home entertainment amplifier, tape 
i)layer or radio, the learner must: * V - 

1, Identify: brand, model number, serial o'r chassis number, SAMS index 

nuober or manufacturer data* 
2* tfKk^T^^ functioti of &ach tube(s) or transistor: 

3* ^Ske flow of dat^^rom sensor- (antenna, cartridge or tape liead) to 
reproducer (speaker) agree with that of the instructor • 

* * 
CriterionrReferenced Measure : The learner is to. record identifying data, 
block diagram with functions in correct sequence without r^erences except 
SAhS photofact index and schematic* This must be repeated for any home 
ente»taiiiment unit until in coxisistant agreement with instructor* 

' • / . ^ 

Task 27: Introduction to Power Supplies 



Performance Objective : 

r * , ' * . * \. 

With the material provided, the student will show the uae of the trans- 
former, half-wave rectifier operation, fiill-wave operation and* filter 
circuit operation, * * ; 



Criterion-Referenced Measure ; The student will be tested to measure his 
progress to ^t least 80 percmt accuracy In the uae of power supplies* He 
is allowed to repeat until he^ adiieves personal go2l beyond acceptable goal 
of the instructor* &e will be given a performance tjest ttf make sure that he 
can work wlth^owe;r supplies in real live equipment. ' . 



Performance Gxiide : 

* 

!• Use of the.t^ransfomen 

Half»-wave rectifier operation 

3^ Full-wave operation 

4. Peak. ;Lnverse voltage 

5* Filter circuits 

• A. ♦ Capacitance *f ilter 
3: Inductance filter 
C» Filter combinations , 

6. Review 



Task ^28 : Power Supplies 



Performance Objectives : 



•Given any schematic, a power supply, voltmeter, ohmaeter, oscilloscope, 
the;'leamer must, without -aid of references: * . 

1. Define the components of a* power supply. 

2. Driw schematically and explain each of tbe following functions:^ 
*• half -wave, fufll-wave, voltage doxibler and bridge. 

3. Draw schematically and explain the "L type" and the "PI" filter. 

4. Draw schematically and.explsiin how a voltage ^regulator works usingN 
zeners,' VR ttibes or vacuisa tubes»\ 

5. ' Identify the type power supply used, measure reference voltages and' 

verify waveforms. ^ * , * ^ " ^ 

6. 'Correct malfunction in power supply of. any home ehtertaiament 
jamplifier, »tape player *or radio.' 



Criterion-Referenced Hea^&ret The learner is to complete definftlons, 
schematics explanations and meastirements within two hoxirs tp a ta^fn^ta^^ 
standard of 80 percent acctiracy. He is allowed to repe&t until ^he achieves 
perjSonal goal beyond instructor's goal. ^ 



Task 29 : Rectifiers, Voltage Dividers, Regulators, and Voltage Doublers 



Performance Objectiveaf^ 



Prpvided with needed material, the. student will demonstrate electron 
tube and dry-metal rectifiers, vo'ltage divider^ Regulators and voltage 
dpublers circuit configuration* 



Criterioxi"Referenced Measure; The stiideot will be' tested to measure his 
progress to at least /S(r percent accuracy on voltage doublers> regulators and 
rectifiers. He nay rBpeat until he achieves personal goal beyona instructor's 
.goal» He 'will 'be ^iven a 'perforaance test to check his progress and ab^Hity 
tlJ'wbrk on live power supplies, and to troiibleshoot supplies. ' 



Performance Guide ; 

• ; 

1. Electron tiib^ aCSad dry-metal rectifiers 

A. Mercury vapor rectifiers v 

B. Selenlua rectifiers 

C . Circuit arrangements 

2. Voltage dividers ' • , , 

A. Divider with load ' ' , 

B. Bleeder resistor 

C. Voltage divider resistor 

3. Regulator circuits . • 

4. Voltage regulator tubes 

5. Half-wave voltage doiiblers 

6. Ftill-wave voltage doublers 

7. Half -wave casca4e voltage doublers • 

8. Voltage triplers , 
9« Bridge circuits 

10 • Bridge doublers 
I 11. Troubleshooting • " ' 



Task 30: Amplifiers 



Performance Objectives : * ^ " . 

. " Given any schematic, amplifier, voltmeter, ohssaetet;, oscilloscope, 
signal ge^rator and function generator, the learner fs to, without aid of 
references^ - • - _ _ _ > _ _ ' , _ 

1. Explain how any of the following amplifiers fraction and draw its 

'schematic, voltage, cutrent, and potr^» 
<L. Explain the types of biasing, which ca^\^e used. . 
3. Explain the types of cpupljng which laay be used. to connect ail^lifier 

stages' together, \ 
44 List the frequency characteristics necessary for a good aapldlfler. 
5, List the. types o f^ dist p«ion whlth ma^ be generate^in an amplifier. 

Given any home entertainment amplifier, tape player or radio and a stand- 
ard tool kit, the dtudent must: 

1. Record the following data^ deviation from reference vpltages and 
resistances, •amount t)f amplification provided by aapllfief stage and 
distortions. ' 

2, Analyse diffi^culty in a malfunctioning home entertaiaaent systea and 
return it to acceptable .working condition. 



"Crlterlb p-'fteferfenced Measure ; The learner is to coiaplet*- definitions^ listigngft 
aad-^lai^yatio^ within two hours to a minimal standard of 80 percent accuracy * 
He is allowed ta repeat, untJJ. he aciiieves personal goal heyoftid instructpr'^s 

Task 31 ? Amplifiers and Oscilloscopes ■ " . , \ .\ , ^ 

'Performance Obiectdve ; * ' ■ . _ 

With the .equ^Mt. and material provi4ed, §tu4e%t *ili de«ep8trat€^ 
tie ampliffer and the correct use of the ^ciliosco^e.^^ ' ~ 



Criterion-Rfeferenced Measure ; The studat^t will be tested -to measure bis 
progress to at leafet 80 percent accuracy ^ ability to wprk withlb^ic 
amplifiers.. He may repeat until he'achi^veg personal goal beyond instruc- 
tor's goal/ -He will b^e given performance test to show his* ability to.xise 
the oscilloscope to iJithin, 100 percent of Che instructor' demands- and his 
ability to wire vaz(ibus tube circuits and check the frequency response, 
voltage and power amplifications." " , . - 



Performance Guide ; ' \ ^ * , 

1. The amplified - • " 

2. Classification of amplifiers 

A. Preqiiency ^ 

B. Voltage - and power ^ - * ; . 
C* Operatiiig level < . " . 

(1) Class A ' * ' . : - > 

(2) Class B • V 

(3) . Clas^ C . 1 . 

(4) 'Class AB and ABi. ^ ' , . . ' ^ 

3. The basic tifte ampHfief ^ " \ ^ ^ \r 7 ' 
,4. Method ot bias * . - ^ .\ 

A. Cathpde bia^ i . 

' B; Self' Was. ' ' ^ ■ , . 

C. External bias ^ 
-tf 5. ""The oscilloscope , - ' ^ 

■ * A. Cathode ray tube • " " 

B. Beam formation ' " ' 1 a 

C. Deflection - > ^ 



^D, Production, of scteen trace ^| 
E*" Use of the oscilloscope^ ' * * j 



Y 
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Task 32: Types of &Mlifiers 




P erf ormance Objective! 
■■ .* 

Provided vith needed ^material^ ^e* student will demonstrate the dif- 
ferent types of dmplifierf', their use a^id how to troubleshoot varXqus 

circuit configurations. 
% ' — " « 

Criterion-Referenced "Measure ; The student will he tested to make sure tliat he 
outlines the'material covered on amplifier types* -fi^ i^iil he-tested by* ^ - 
troubleshooting and using test equipment. He must obtain at least ^0 percent,^ 
accuracy,' He'. is allowed to repeat .until he achieves" personal ^oai bfeyond ' 
Jjistructor Js .goal. - Z''*' , • ^ ^ ^ ' ( 



Performance Guide : 

1. Triode RC coupled amplifiers ' . ■ ^ . 
^ A. ' Single stage amp 

Two stage amp . , 

2. Transformer-coupled amplifier 

3. Iiapedance ct>upled amplifier 

'^4, Direct coupled amplifier . 
' 5., Pentode amplifiers 

A/ /RC coupled — . 

B:, Trans,former coupled ' . » ' 

• C. DC coupled ' " * ' 

Task 33: Amplified Circuits 

Perfoi:mance Obiective ; 

With the eijuipnient provided^ the stude'ht wilf demonstratife the vari6us 
amplifier- circuits and how to' troubleshoot them with the correct test 
equipment. , . « * • 



Criterion-Referenced Measure : I The student will be tefsted to measure his 
abili ty to t^io iibleshoot amplifiers with the correct tfe§t equipment • He 
will take a vrittep teat to measure .his capabilities to at least 80. pelrcent 
accuracy. He is allowed to repeat until he achieves personal goal beyhnd**^ 
instructor's gQal.' > ^ 

Performance Guide ; . * " - _ ' * . : . • 

1. ^^^Harmonics , ' * . % * . - ^ 

2. Wave forms * > * ; > • • • 

A. Square wave , 

B. Sawtooth waves * . ' ^ ^ 
. 'C. -Peaked waves » 



\ 



* 3. Distortion • ^ V ' . / 
A» Frequency ^%iioTt\6n 
0 B, St^e distor^on J 

C. Amplitude dtttprtion 

D. Crossover SiWtortion 

4. Controls * -i 
A. Volutae • > * ; 

^B. Tone ' * ' " - 

5. Loudspeakers 

A. Dynamic 

B. Electrodynamics • * 

6. Power amplifiers ^ ' ^ * 

A. Class A single ended 

B. Class B powery^mp " 

C. Pixsh-pull amp i • 

."7. Phase Inverters i, ' . . • 

' A* Cascade ' , . : 

B: Cathode follover . . . 

..-8.' Hadio frequehcy aapliflers 

A'. Noise figure ... 

B; -.Power gain * " 

C; • Gros? modulatibn ' 
9; • Intermediate frequency amplifiers 

A* Video amplifiers . 

B.. Hi-fi amplif4.ets/ 
^1 (1) Typical amplifier 

/ (2) Operation , . \ 

'IDr Troubleshooting the hi^f i amplifier and other amps 



Task 34 ; Oscillators 



Performance Objective ; . , : ' 

With the material, prc^vid^^ th^e student will demonstrate tank circuit 
oscillations^ and types oF psclXlators for sln^ol^al and ndn8ijQU8oidaj|^ 
circuits. . \ >^ . * . , 

. . -c ' . ■ ■- . ■ ■ : 

Criterion-Referenced Measure : Eighty percent accuracj? must be achifiived by 
.studeJlt on -tests (written, practical) selected by the instructor. Heomay 
repeat until he achieves personal goal Ueyond instructor's goal. 



Perfonnance -Guide; _ 



. 1. Inttoduction to xjscillators ' 

2, Tank circtiit oscillations 

3. Types 6$ sinusoidal oscillators 
* A.' Hartley oscillators" . 

B. Armstrong oscillators 

C. Colpitks oscillators 

D. Crystal*(58ciilators 



Types of nonsinusoid^l oscillators, 

A. Plate coupled multivibrators 

B. Cathode^ coupled multivibrators 
C Monos table multivibrators 

D. Bist^le multivibrators 
Use of oscillators 



•V 



Task 35; Application of OscJ.llators 

^ „■ v , • . - 

Performance Objectives : ' ^ • 

Given any schematic, oscillator, voltmeter, ohmmeter, oscilloscope, 
^re^uency counter and a standard tool kit, the learner i^ to, vith'out 
aid- of ref eMnces: ' . ' 

• • * * 

1. Draw the schematic of the foUowing types of oscillators; Armstrong, 
' Hartley, Colpitts, TPTG, Cryst'al and Multivibrator, 

2. Determine deviation* from reference voltages and resistances. 
'3. Determine if oscillator is fxmctioning. 

4. Record, voltages , resistances, frequencies and wave shape data* 

' ■ ' ' ■■• ■ ■ Y ■ 

Criterion-Referenced Measure : The learner is to complete schematic Idrawings 
and explanations within two hours to a minimal standard of 80 percent 
accuracy. He is allowed to repeat until he achieves personal goal beyond 
instructor's goal.^ 

■ • '\ " 

Task 36: Transmitter Circillts : . - 



Performance Objective : ^ " • ^. \ 

With . the material provided, the atudent will show the ba^ic transmittJ 
* * buffer amp, transmitter amplifiers, frequency multipliers, and trans- 
iQltter output. * . 



Criterion-Referenced Measure : iThe student will be tested to measure Ills 
understanding>of transmitter tji^cay with written tests, oral drill^_and 
.^lass discussion* He must be '^^hle to obtain at least 80 percent accuracy 
on these tests. He. is allowed to repeat until^he achieves personal goal 
breyond instructor's goal. 



Performance Guid6: 



1. Basic transmitter 

2; Block diagram of a .typical transmitter 

3. Buffer amplifier 

4. Frequency multipliers 




8, 

9* 
10. 
11.' 
12. 



TransSt^ter amplifiers 
A. Clas^ 
B* Class A 
C. Class B 
Transmitter ampli 

A. Fixed bias 

B. Self bias 

C. Cathode bias 
Transmitter ^output 
Transmitter tuning 
Antenna timing and coupling 
Transmitter and antenna tuning procedufes 
Neutralization and parasitic suppression 
Transmitter « keying 



Task 37 ; Modulation Systems 



Performance Objective: 



With the* matej^^l provided, the/, student will illustrate modultt^ 
principles, andKoir-thsy will bemused in^the transnitter' syst< m. 



Criterion-Referenced MeaSurfe^ , The studentvill be tested to measinre his , 
ability tcf at least 80 percent^ accurascy-'M modulation systems. He is 
allowed to ' repneat. Until he achieves persona! goal beyond instructdr^s goal^ 




Performance Guide ; - * *^ - 

1. Modulated wave components .\1 * " 

2. Amplitude modulation 

A* Power relations and modulation percentage 

3. Frequency modulation 

A. Carrier rest * 
Frequency deviation , 

C. Carrier swing 

D. "Percent modulation _ 

E. Modulation index - ') 

4. Amplitude modulation circuits 

A. Input .circuit modulation 

B. Output circuit modulation* 

5. Frequency modulation, methods 



3'8 
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Task 38 ; Antennas and Transmission Ltn^s 



Performance Objective : * . ' . 

With the material provided, the student will illustrate the fundamental 
priiiciples of antenna theory, and how it will be used in the transmitter 
system. 



Criterion-Referenced Measure ; The student will be tested to measure his 
ability to 80 percent accuracy on the theory of antenna and transmission c 
lines. He may repeat until he achieves personal goal beyond ^nstructor^s 

o 

Performance Guide ; • . ' , 

- • , « * 

1, Fundamental principles " - \ " 

2, Electric field . ; * ' 
- 3. Magnetic field 

4. Basic considerations . ^ - 

5. Electrical length • ' * 

1^ 6. Radiation resistance • ' ''^\ ^ /\ 

7, Input impedance . ^ 

8, Antenna tuning . ^ 

9, Polarization'^ and radiation s .^ ^ 
10. Basic antatmas * ^ . 

A. ^Marconi antenna - t - --^ 

B. /^ Jfettz antenna ^ • 
• H. Ttansmission lines • . 

,l2. Characteristic impedance * " ' , 

13. Types of lines 

k. Nonresonant lines 

B. Resonant lines , • ' * • 

14. Impedande m^atching ^ 



Task 39 ; A Typical Transmitter 
Performance Objective ;. 



With the material provided, the student will illustrate •general circuit 
descriptioji, tuning procedures,* and troubleshooting of a typical 
transmitter. ^ • v 



Criterion-Referenced Measure : The studqj^ will be tested on the typical tr'a*»- 
mitter to measure his application of the theory of transmitters to, 80 percent 
accuracy. He is allowed to yepeat until he achieves personal goal beyond 
d^tnictpr's goal. He will also be given a troubleshooting test to repair 
a t^pidai traxismitter systea. It will be to the instructor to decide th% 
ievel he must obtain on troubleshooting. 



/ 



Performance GuidA ^ 



3/ 



Block diagram of a typical transmitter 
Tuning procedure 

Troubleshooting the MOPA transmitter- 



Task 40; Receiver Introduction^ 



Performance Objective : 

. With the material provided, the student will demonstrate basic receiver 
theory, and receiver antennasT* . . 



Criterion-Referenced Measure : The stud^ent will be tested (written, practical!) 
.to measure his application of receiver theory to at leasts 80 percent accuracy. 
He is allowed to repeat until he achieves personal goal beyond instructor's 
goal. . 

Perf ormahcer Guide : 



1. 



B. 
C. 
D. 



Receiver consiHeratii 

A. Sensitivity 
Signal to noise ratio 
Selectivity 
Stability, 
Fidelity 

2iver requireaerffe 
itenn^ ^ 

Lon selewQil^or tuner 

RF 

Demodulat 
KS ampli 
Reproducer 
Reception • 

:tion 
?ilter3 
^^fepMduction 
^ A^\:^ CT5C5tal headphone 

B. -Hagn^^c tieadphone 
R^eiver->OT^feunas 
Wave trapjs 
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Task 



1 



\ ■ 

Rec^iv^rs 



\ 



Perft)mance Obl^c^ves^ > . i _ ^ ■ - 

• Given a scheaabic, a stiperheterodyne receiver! voltmeter, .^meter\ 
scinoscopfe^ signal generator, signal traceij and a standard- 8ee>at^tooI^, 
tlp*--3^amer is to; 

T\ 7 • \ ^' 

Define wave propagation and basic types of antennas. 
2. Identify andlaif ferentiate between tuned circuits. 
Draw a block Viiagraia of any superheterody^ receiver. 
Record '^oltagVs and resistances for all sections iising toy super- 1 
hSiferodyne receiver^ . ^ " . ^ . 

« 5." 'yferify-^lgm^t of receiver^ . - 

Hake, a chart for tube-type 'receivers ^showing tfbe type, ^ function, 
defects and quality.. • • 

7. Localize defect to single section when given ^ a superheterodyne^ 
i^eceiver with a mi^unction. ' . 

8. Replace defective coapoHents ^o thft receiver, performs to satisfac- 
tion of instructor. " ' , . ' ' 

C riterion^Ref erenced ^easW ; T^e learner ^s tq complete faefinition^^ i'^^j^T 
fications and block-diagrams within two hours to 80 percent, accuracy. He will^ 
be allowedlo' repeat totil he achieves personal goal beyond instructor s goal* 

^. , • • ; . . \ 

Task 42 ; * Business Procedures \ . • /• . . , • ^- ■ . . 

7^ ^ ' ' ' • ' ' ' ' " ' 

Performance Obie'ctives ; ' y \ . ^ \*r 

• Gixen a service shJ'Wjonment, a '.custodier, a defectiv^Jl^odfe^ent^ert^ > \ 
feent; unit, methods of financing, ^display area, service orders and inVb^>K . . 
thW leamer\is toi ^ - ^ - ^ ^ - ^ „ ^^-^ ^ j 

1. Greet tlie pustomer, *advise-and converse, in a friendly courteous mann^. ^ 

2! Provide an estimate of ! repairs using ^op format. \ 

Coa^lete the following to the satisfaction of the instructor; sendee . .\ 
order, set identification, invoicing and billings i ^ ^ 

'4. List- the methoda of ffndncing' available Co "the customer and* the ^ 

differences between ,thcnu • * ^ . 

5. Set ua a display of home , entertainment products. " . ^ > 

6. List the^dvantages and disadvantages of ^ihe methods of ^dvertisi^ 
at th^" disposal of the'Na^^jrvlce shop.: 



t. 



• . ^ Criterion-Referenced Measure ; The ieanJ^r Is^to coapletfe Che listings vithin . 
. ■ • Z,i,e.hour. Reaaining objectives oust oeat servi^hop standards. Deficiencies 
f^>} "^Xi^ust be corrected for learner to rec&Lv^.- credit. 



\ 
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43: • T&t ItistrxEaents 



■Glveh safety Jnil^s, basic test instrtsaents, signal tracer, frequency ' ^ 
counter, post-marker and sweep generator, yectorscope st&reo genTO^tor, 
haiponic and distortion analyzer, B & X analyzei'Jr'Njscilloscop^, signal 
"^enferator and l^/amer perception, the learner is to: 

1. 'Write in outline form the operating instructions for equipment' 

issued and safety precautions and hazards associated with ea<:h piece 
ofr equipment. . ' ^ , • 

^ 2. List the malfunctions which can be determined with the senses of 
<ouch, smell, sight, hearingrand taste. 



s\ 



Criterion-Referenced Me^ure :. The learner is to complete outline and listing 
to satisfaction of instructor. The learner is to Opfera:t^ each piece 
equipment in safe and accurate mannet to the satisfaction of the instructor. 
Deficiencies faust.be corrected to receive credit. 



Task Amplifiers 



PeVforaance 6biectives ; ' * 

Given safety procedures, tast instnEients, any home enter taimentyudio 
system (stereo amp, "tape p3.ayer, etc.) and a standard tool kit, the JL^flrner 
is to: , 

It Outline in writij^. the s^kty procedures'required to xxse instruments 

• • on- system to ,be repaired* ■ . ^ » 

2. Draw or complete programmed block diagram of system under analysis^ 
/ 3.,. Identify types of transducers- ysed. ^ . ^ , 

^* Label ai^e:^lfi^in function of each coi^rf>JU_ _ _ " _ ^ i 

.♦5. Discriminate between preamplifiers^ voltage ^plifiers, current 

aApliiiers and power amplifiers. ■ . ^ - 

* . 6. Write outline of troubleshooting procedure prior to actual troiible* 

* * shooting.. . " .\ 

7. Identify any obvi^^us defect or indication of defect (xise senses)* 

8. isolate, defect to particular section *6Si!>lock diagram* ^ 
'9, Replace defective coaiponents in section. ^ ) 
10. -Be thorough so that unit under analysis will function to the'sati^ ^ 

faction of 'instructor^ ^ • ^ . ' i 

Criterion-Ref erenced' Measure : The learner must complete outline,^ drawing, 
idShtif ica^ions to' satisfaction of instructor. Operation of equitKnent and 
trotfbleshooting of systesSi under analysis must be to satisfaction of instructor* 
Deficiencies Bust be cottected to receive* credit . ' , ; 



.42 
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Task 45 ; TRF Receiver Circuits 



^erfomance Objective ; . *" \ 

* N * • 

v^With the material provided, the student will deaonstrate TRF receivorft 
aod their circuits. ^ ^^^^^s 

\ ■ \ : . 

\ 

Criterion -Referenced Measure ; The student will be tested W measure his 
^ application of TRF receiver theory to at least 80 percent accuracy* He is 
allowed to repeat until he achieves personal goal beyond instructor's goal. 
He will also take a i)erf onaance test to make certain thaXhe can find the ' 
trouble on a TRF receiver, and that he 'can use all the test. Equipment in the 
troubleshooting procedures. • 

Performance Guide ; * 

li Block diagram of the TBEP ' . , , 

2. Ganged ttining - \ 

3. Alignment • \" 

4. X^iisaers * ^ - 

5. Hetrodyne action ^ ^ 

6. .Heterodyne detection " ^ 

7. * Beat frequency oscillator ^ 

8. Fr^uency measurement ■ * " . ♦ 

9. Audio frequency detection ^ , 
, • 10. Electron tube detection * * . * 

A. Diode detection ^ . \ 

' B. Grid leak detection ^ V 

' C. Plate detjBctor « ■ ^\ 

*T11. Controls \ 
12. Troubleshooting the TRF, recfeiver • 



Task 46 ; Superheterodyne Receivers 



\- 



\ 



Performance Oblect lve; ' * • , > > 

• Given safety procedures, -<cst instrunente,^an*'AM^^ 4i& or IM-super- 
het^odyne receiver and a standard tool kit, the 'iekfner must: ^ 

• ^ . . l'^ • . 

1. Identify available technical- data, draw a block diagram of the 
- . receiver and Identify aU controls and their 'j^c^ion./ 

2. &i>lain how each section^ of the receiver works. 

3. Write an^analysiSvln outlJLne f orta *indid)ati^ troubleshooting \ 
V ' procedure* *^ . * - / - ♦ y % 

4*. Identify any -obvious ^ie£ect> or i^difektionpf deJfec <use 'senfees)* 

5. - Isolate defctft to single \ection of block diagram^ > 

6. ^plape defective .^paponentCs), j ' / * \ * <■ 

- ^ 7. Be thorbu^ so that uiiit utidet analysi?. %ail function to the sat- 
. isf action of *inRtructor. • * • 4. ' , 



Criterion-Referenced Measure : The learner wjst coiipiete,mitllne, drawings, 
identifications to satisfaction of instructor. Operationol equipafcnt and 
troubleshooting of unit under atialysjs must be to satisfaction of' instructor* 
.Deficiencies must be corr«?cted to. receive credit* ' 



J)PP0RTUNITI£S AFTER COMRLZTION OF PHASE TWO BASIC ELECTRONlfcS 
FOR HIGH StHOOL STPDENTS 

' - RADia repaijSIn ' . ' 



Job Description: 



Troublesbooter, ra&io repairs, radio receivers, phonographs, recorders and 
-other electronic audio fequ^pment. Uses clrcSit diagrams, te^t wiring,, 
tubes, resistors and other parts, electronic test equipment, sucfi |is volt- 
meters and oscilloscopes to locate defects and^replace defective parts* 
Using handtools, solders loose connections s^ith soldering iron. Computes 
charges" for labor and materials. 'Mayjbe designated ^according to type of 
radio repaired as automobile radioman, rad'io repairman, domestic. • ^ 



Ta|k_47; Monochrome TV Receivers 
Periorinance ' Obj ec t Ives ^ 

' — • . ' • ' ^ /r' ' . ; 

'^ijlven Si^fety procedures » test Instroments, monochrooe TV reqelvers, and 

•standard tool kit, the 'learner must: ' . • ^. 

Iv 'Identify available technical data, drav ,a ^lock diagram, or xsse. 
\ • block,jiiagraa foroat, identify tube used in each section and ^ 
\ identify ail- controls and their fimction$. "* ' • , 

2. \ Explain how ^ch jseDtion. of the receiver works. 
^ 3.^ . ^r^t^ jfi, outline it^rm an analysis indicating troubleshooting procedure 
^rio^ to^'actiial repair. . '\ . ^ . 

". Identify any ohvious' defect or/dndld^^^on of defect (use senses^. 

5i is^^tfc defect tcr singli^ section of ' block diagram*. , 
'"'6'. Replace de^ectiv^'coaponeht(sJ - , , •.: ' ^ 

/• Be thorough so- fhat unit under' analysis must function to satisfaction 
of instructor. ' ^. • . \ • 



Cirlterio^i-Referencad Kfeasure^ The learner must complete outline, drawings, 
an<i identification's to satisfaction o^ instructor. Operation of equipment 
and troubieshooting of imit under analj^sis mist be to satisfaction of instruC'f 
tor. Deficiencies' must b^ corrected to' receive credit. 



Task 48: The Televis-ion System 



Performance Objective : 



/ 




•Wit^ij, the material provided^ the stydent must demonstrat*^*'the^ tel^ision* \ 
syst*em> ^ ' , » ' - , . "* ^ . • 



Criterion«^Eeferenced Measure : The student w4J-l be tested to make sur^ t-htft he • 
can outiina/ tk> at least 85 percent accutacy$ the b'asip TV system*^ He^ is 
allowed to repeat until, he/achieve^ personal goal b.eyond 'instructor's- go^tL 



^ Performance Guide 

1* Picture eleme^ts . , - . * ^ • ^. • r 

. " Transmitting ^d ^receivix^g pic tiire ixiftfnaa ' \ ' '' ^ 
• Scanning " ' ' • ■ * - / ' ♦ 

A. Motion pictutes ^ ' \ \ '* ^ 

' '5. Frame and ficld^ fxrequcncies . \ <* * ' 

-i.*;6^, Vert;ical an<i horizontal frequencies' * ^ % 

• ] 7v ' Synchronization " \ ' 

' -Picture qtialititor ^ % c \ " *. . * : 

9* , •Television channel J ^ * ' * 

10* Thft associated PM sbtmd signal. ' . * ^. : 

11. Color televii^ion • . ' ^ i 

• 12. . Standards of transoisslon - 



Task 49: TV Receivers 



^erfornance Gbjectives f * , * ' ' 

With the laAterial provided, the stiideat utust: 

• . * -\ ' • ^ ' \ ' ' ' 

^ DeiDonstrate basic block-diagrams of TV receivers. - ' 

2. Illustrate hfcw t'b isolate* trouble in a* TV receiver to a specific, 

blo'ck in the receiver . . . * • ' , ' 

Criterion-Refereflced Measure : Tfee student wiU^e required to localise a 
• trouble, on a*black and: Vhite TV. He must obtain lOO per^ent accuracy" if Jie 
is' ^*%o any "further in tftis phase of his training.*' • - , " 



Ferformance^uide : ' ■ ; 

\. Rec^vepJ^ock diagrad^'. r ^ - * 

.2. Redl^fe^ircujlts- • • , 

3. : Soxind take-off . V ' ; ' ' • 

4. Fimctidns 'of ^thfe receiver circuits ' ' 
\ 5. Receiver Dpepiting' cont;rols " ' . ^ 

6. ii>cSdizing troubles to^ ^ r^elver section 
7v • Kultipie troubles - • ' " 

Monitor rec^iy^rs . '\ y . 



7^ 



Task 50 > TV Power Supply 



Ferforrnaiice Objective :. 



With the material proviietj,* the studet\t will demonstra^Bt'XV power suppli 
and how to- repair th^. - 



Crit^ion-Referenced Measure ; iThe student wJll hd teSted Woeasure his 
■analy^^is 6"! thfe.T^ power supp^iy an2f^ho<^ to ttoubleshodt them. He must obtain 
at lea^^^5\ercent accuracy • jHe is allow*ed. tp jrepeat wntil he Achj^eves * ^ 
pef^sonai^goal a^ond instructir^s 'goil. ^'J' 



• .'Pefforaance Guide; 



Full wave rectifier 
2. DCN^itage polajiti^s 
^" - 3* Heat^iJs^'rcuits j . * 

' *. 5^ ' Transf ormenE^^^ov voltage power supply 
6*^ Stacked low Xroltage" circuits " • ' 
"7." High^yplt^ge supplies 
,8,* High, v^tage safety precautions ♦ 



9. High voltage troubles y 

10. Trouble in the low voltage supply^ \^ * 

11. Hun In the low voltage supply 

12* Troubleshooting * . ' - 

• 

Task 51 ; Cooposite Video Signal 

Perforaance Objective : ^ ^ 

With the nateriaL provided, the student wdLll illustrate what the cocaposlt 
X video signal contains and how it is^used in the TV system. 



Criterion-feefereaced Measure ; The student ^iU be tested (written, practical) 
to measure his progress to at least 85 percent on the material covered the 
cooposite video signii. He is allowed to' repeat until he achieved personal 
goal* beyond instructor's goal. . ' 

0 

• • • 

Perform ance Guidei f \ 
* ' — 

1. .Construction of the composite video signal : 

2. Picture information aW the video signal 

" *3. Video frequei^cy and picture information r ' • - 

. 4. Mkxlmum number of picture elements 

5. Test patterns 

6* DC components ojE the video signal ^ 



Task> 52; Picture Tubes (cathode ray tubes) 



Performance Objective ; 

With the material provided, the student wi3l illustrate the different 
types of pictt^re tubes used in the modern black and white TV receiver^ 
in use today* ^ ^ . , ' 

*Critetion'-Referenced Measure : The student willfbe tested to measure his 
applicatioh of the theory <>t picture tubes, their t)peration and safety 
precautions* He must achieve at least 85 percent/accuracy.. He is allowed 
to repeat until he achieves personal goal beyond instructor's goal. . 

Perforrgance Guide ; . * c * * . " " * 

^ "^^^ ' - - Q * > . \ ^^^ 

' X. Deflection/ focusing, find centering 

2. The. luminescent screen. - v*. • 

3» Types of^ tube? * * . # . " ' * .-^ 

v' 4.1 The electron beaa . ^ » ' . , ' * 



5. Focusing the electron beam 
« A« Electrostatic 
B. Magnetic. 
' Picture txd)e precautions 
7* Picture tube troubles 



Task 53 ; TheTElF Tuner . i ^ T 



Performance Objective: . ' ' , * ' U 

- With tfte material provided, the student wiU* illustrate how the RF^Um^ 
functions and its place in the TV system. 



Crltetion-Ref erenced ^Heasure : the student wili^be tested to measure his 
application to at least 85 percent accuracy pn the o'^eration and use of. \ 
RP tuner • He is o^llowed to. repea*t until he achievast^peri^nal goal heyond 
instructor's ^oal. >^ ' > .» 



Performance Guide: 



1. Operation of the RF tuner * ^ ' . ^ " 

2. - The RF amplif ier stage » - o ^ ^ ^ 

3. RF amplifier ^circuits 

4« The siixer stage ^ - * ^ , • 

5. The local 'oscillator \ - 

6. ^ RF alignment ' * > 
7» Conversion methods for US^ channels 

Types of RF tuner circuits 
9.- UHF tuner circuits ' • " ^ • - 

10, Wireless remote <;ontrol • ^ 

11. ' Receiver noise • * ' - 
12V "Troubles in llF^ tuners' (VHP and tJHF) • ^ • 7 ^ -^^^ ^ ^^ 



Task 54 : Picture IF Amplifier ' ^ 

Perfbri^nce Objective : z 

With the^ material provided^ the student will demonstrate the picture IF 
. /'*^nd its circuits, and place^in the^TV system. - - ^ , . 



Criterion-Referenced Measure : The student will be tested to measure his 
analysis of IP amplifiers operation^ how to tfoubleshoot them and their 
roll in the TV system. The student must achi^e BS percent accuracy. 
He is allowed to repeat until he achieves personal goal beyond instructor's. 
^oal% . . , 

• 48 " . 



Performance Guide: 

1. Picture "}F response 

2*^ The intermediate frequency 

^ 3. IF anq>lif ication 

-4. Double-^ tuned IF amplifiers 

* 5. • Single*- tuned IF ampldLf iers 

, '6. Staggcit- tuned IF amplifiers 

7. Wave traps , , 

8. Picture li^^fampUifier^- 

9. Solid state' IF amplifiers 
10. Troubles. in th$. IF -stages 



Task 55: * Video Detector ' 



Pjsffdrmaiice Objective : • , ^ . 

With fhe material provided,' the studetlt will illustrate the video detector 
its operation, how to repair vi<^o detector troubles >, and hew it will.be 
used in the TV ^system. / , 



Criterion-Referenced Mealsure^ The student win be tested to measure his 
ability to repair detector^ircuits and his analysis of ;:he theory* of detector 
circuits. He must achieve 85. percent accuracy • He is' allowed to .repeat until 
he achieves personal goal beyond instructor's goal. ^ / . 



^erfonliance Guide : 

1. Detection 

2. Detectoi? ^polarity 

• * 3. '"Video detector ^d Ibad^'tesistance 
" A. Video. , detector filter 

5. Detector diodes 

6. Vided detector circuits t» 

7* Functions of the composite, video stgnal 
Si Detecting the 4.5 MC intercdrrier d^fegnal 
9. Troubles iil the .detector 



Task 56 : . Video Amplification 



Performance Objecti ve: * ^ ' 

"~ ^ . ^ 

With thfe material pfovidAdtT the student will demonstrate video amplif ica-. 

tion, repairs, operation, Vand, how they are used in^tihe TV system. 



J 

asure 1 



Cilterlon-Referenced Measure : The stixdent will be tested to^ measure his ability 
ta repair t^cubl^ ' in' the video amplifier circuits, and his analysis of the 
operation of, video amplifier^ . . " * . * 

♦ ' . * •' ' 

Performance Cui<?e : *. - ' . 

' - ' . ' 

1. Tbie video signal and picftire Information ' 
?• Pplarity of»^tJxe video ^signal . ' ' * 

3» Amplification of the video signal / ^ 

4. Manual contract control ^ , . • * ^ 

5* Vic^eo frequencies ^ * ' * * 

6. Frequency distort;icm' 

7. Phase distortion 

— ^ 8* ■ Frequency^response of the yideo amplifiet 

9. 'Video amplifier circuits - ' », 

J.O. Solid state video amplifier circuits • ' " , " 

11. Troubles in Xhe video amplifier-* • v 

T ask 37 * Automa^tic Gain Controi ' ■ • / 

Performance Oblective" : . ' ' \ " " * S 

With pha material provided,' the student will Illustrate, automatic 
^airi con\rol*cirpuit operation, anci how to repair defective circuits. 



Criterion-Referenced Measure : The student will be tested to measure his ability 
to repair AGC circuits, their operation, and how the^ are used in the TV system, 
fie must achieve at .JLeast 85 percent accuracy. He is' allowed to repeat txntil 
he achieves personal goal beyond instructor's feoal. , ^ - » 



Performance Guide : ' • . * 

1. How th^ AGC bias control 'gain^ 

2. Advantages of AGC for picture signal 

3. AGC circuits for picture signal 
A. keyed AGC circuit 

* ' 5> AGC level adjustment 

6. AGC troubles 



Task 58 : Sync^^Separation 




Performance Objective : 



With -the material provided, the student will illustrate sync separation 
circuits, and how to repair defective circuits. 
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Criterion-Referenced Measure : The student will be tested to measure his abiUty 
to repair sync troubles, and his, analysis of sync circuits, to at leaat 85 per- 
cent "'accuracy. He. is* allowed to repeat until he achig^A^^ersonal goal beyond 
instructor*^ ^oal. * ^ . 



Perfor mance Guide ; » 

— ^ • - ^ 

1. Verticil synchronization of the picture 

. * 2. Horizontal synchronization of therf.cture 

3. Separation of the "feync. from the videp signal 

4. Tntegration of the^- vertical sync ^ 

5. Noise JuN^e sync 

6. Sync circuHs \ . - 
Sync and blanfcigg hkxs on thja screen 

8. Troubles in the 



Task, 59:. Vertical Reflection Circuits % 



Performance Objectives : 



\ - > 

With the •material provided, th\ student wilJL illustrate vertical deflec- 
tion circuits, and how to jepair defective circuits^>v^ ^ 



-V 

Critei?ion-Ref erenced Measure : • The stud^t wiin><tested to measure his ability 
to repair defective vertical deflec|tion ^rcuits, and his analysis of the 
theory to at least 85 percent accuracy. He is allowed to repeat until he. 
achieves personal goal beyond instructor *sV^oal. ■% ^ - * 



Performance Gui3e : 

• 1. Triode A^ertrical output stage 

2. Vertical output transformers 

^ 3. Vertical linearity 

■ 4. Internal vertical blanking. 

5. .Vertical deflection circuit with blocking oscillator 

6. Combined vertical osc and output circuit 
- ' 7.. Solid state vertical deflection circuits 

8. Vertical deflection troubles 



Task 60: Horizontal Deflection Circuits 



Performance Objective : * . ^ * 

- * • 

With the material provided,. the- Student will illustrate hqw tQ repair' 
horizontal deflection of circuits, and how they are used in the TV - 
system, " ' . '• • 
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Criterion-Referenced Measure ; " The student wi^.! be tested to taeasure his ability 
to repair defective horizontal circuits, and/ his analysis of the circuits to at . 
least 85 percent. He is allowed to repeat until he achieves, personal goal beyotid 
instructor's goal. * , ^ 

1. Functions of the horizontal output stage ' * 

2. Horizontal amplifier stage ' ^ \ 

3. .Damping itk the horizontal output circuit ' 

4. Horizontal scanning and* damping 

5. Boosted B voltage » • 

ii* Flyback high voftage ■ 

7. Horizontal deflection circuits ' ' 

8. Deflection yokefe^ " 

^ 9* Solid state horizontal deflection circuits 
10. Troubles in the horizontal deflection circuits 



■J 



Task 61: Horizontal AFC Circuits 



Performance Objective ; 



With the material provided, the student will illustrate how to tepair,' . 
and how the horizontal AFC is used in tKe TV system. 

\ ■ ^ 

' .Criterion-Re £erenced> Measure ; ."The^ student will be tested to measure his ability 
tQ,.i:epair AFC circuity ,^;^hd analyse the operation af the circuits. Hex^uat 
achieve at least 85 percent "accura'by. He Is allowed to repeat until Jie achieves 
personal goal beyond-Jjcislfi^uc tor's goal. . ' 

Performance Guide : • > v_ 

» * 

1. AFC requirements ^ 

2. Push-pull discriminator . . 

3. Circuit of multivibrator controlled by sync discriminator * • 

4. Single ende'd Sync discriminator 

5. DC- control tube . ♦ ; . \ 

6. Sine wave\oscillator with reactance tube 

7. Hald-in ratige and pull-in range 
Filtering the DC control voltage 

9. Phasing between horizontal blanking and flyback 
10. Troubles ip the AFC 

• • ' 52 ■ ■ " 
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Task 62: The FM Sound Systes^ ' • . - 

■ \ • / . . . ' 

gerformance Obiectlv^ ' ^- ■. 

' • With the material provided, the student will: ^ 

1. Illustrate the FM sound system employed in the TV system. 

2. .Analyze the theory and how to repair defective sound circuits. • 

Criterion-RefemcedMeasure': The student will be tested to measure his 
^^lysis of and ability t/re pair .-defective sound cii^cuits. He must achieve . 
sfpercen? a<S«racy. He is allowed to repeit until he achieves personal goal 
beyond instrucbor's goal^- ^ ^ . ' • 

A. 

P erformance Guide : ^ I v » / 

V 1. Definition of FM terps ; X 

2v Reattance tube mddulator 

3. .Advantages of FM ' ^ ^ 

4. Pre^emphasis and de-emphasis . 
^ '"NS^. Receiver requirements for and EM signal 

6". Complete sound IF c^xcuit^ 

7. Detection of the Ffl Signa 

8. The limiter ~ , - 

9. Complete, sound circ^iit 
lb. Tra;ibles in the sound^^ir^cuit 

■ X -^-^^ 
Task' 63; Receiver ^cn^icing 



Performance Objective : 

mth the material provided, the student will demonstrate how to service 
the complete black and white TV receivers 



r., ^or^ on-R p,f -erenced Measure : The student will be tested to measure his 
abiUty to repair detective T V receivers. . He mu^t achieve 100 .percent accuracy 
This will be determined\y the instructor. 

Performance Guide : r 

1. Receiver, adjustments 

2. Types o^' ghost 

3. External iilterf erence in tl^e 'picture 

4. Sound ia the picture 

5. Localising hum troubles 

6. Signal .injection - 
•7. Use bf the TV analysis 

8. Localizing receiver troubles 
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.9. Oscliloscopa me^urements 

Ip. Alignment precautio]^-' 

11. Typical receiver circuit 

/ 



^ 



TasV.SA: Introduction, to Color Television Receivers 



Perfo^t^|fece Objectives ; 

Given safety procedures, test instruments^ color TV receiver and a staadard 
tool kit, the l^rner must:^ ^ \ 



ti<3tn and ^identify all controls anid thcax 



-^ja£jit±fiLJSvailable technically dajat'^aw or use block diagram fonaat, J 



identify tube used" 
function. 

\ 2. Outline differences ^between monochrome and color TV receivers* 

3. Write in outline form an analysis indicating troubleshooting procedure 
prior ta actual repair • 

4. Identify any obvious defect or indication of defect (use senses). 
3. Isolate defect to single section of block diagram. 

'"^erge 

8. he thorough .so that unit under analysis Vill function t^or^the satij- 
^actitjn of the instructor 



6r^v5^1ace defective component (s) • 
7.' domrerge color receiver. 



Criterion-Referenced Measure : The le^irneir^ust complete outline, drawings, 
identifications to satisfaction of instructor. , Operation of equipment and 
troubles^ipoting of unit under analysis must be to satisfaction of instr-uctor. 
Deficiencies must be corrected to recei'^e credits 



Task 65: The Color TV Syst'em 



Performance Objective t 

With the material ptovidetfT'tHfe student will illustrate the theory of 

color TV. ' - • " 

. _ . ' 



Criterion-Referenced Measure : The stud^iHfwill be tested oi^ the theory of 
color TV. , He must achieve at least 55percent accuracy* is allowed to 
repeat" until he achieves. j>ersonal goal ^beyond itlstrucJtor*s goal. 



•Performance Guide: 



1. Color signals * 

2. Color addition 

3. Definition of color terms 

4> Color television broadcasting 

5. Y signal ^ . 

6. Types of color video signals 

7. ,Q signal * 



45 



5.4 



> 6. I signal ^ * . 

9* R-Y signal 
10. B-Y sigMl 
* \. G-Y sijgnkr \ 
* ^ 11* , Desajuurated chrominance signal * _ ^ 

' • / * 1% Matrix circuits 

I4i; Color siibcacrier -frequency ^ * ^ , ^ / 

#1. , 15..\ Color syitrfronization * \ \ 

16. Colbrpl^ced composite video signal waveforms ^ 
1^, Vector addition of color signals 

l /^ask 66 : Color Television Receivers 

Performance Oblecti-^e : \ 

• With the* later ial provided, the student will demonstrate how to repair 
* defect ivjjj^olor TV receivers. 

; ' r 
Ctiterton-Referfenced Measure ; The studenft will be tested to measure his ability 
to, repair -defective coloi^* receivei^s^ and how the color circuits work. Hfe^ 
must achiew 95 percent Curacy, fle is allowed to repeat until he achieves 
personal goal'^beyond instructor's goal, r , * . 



Performanc e .Guide : * - ' . ' • 

- i • 

l/ Chrominance' section 

*• ''.2. .Chrominance amplifier circuits 

,3. Burst- amplifJ^er 

'4. Color AFC circuits 

5. Automatic 'color control (ACG) bia:s • 

6. Color WLU0r circuit 

7. Color demx>dulator circuit 

8. Color cUt'S ' I 

9. §et up^*adjustment 

*^^"ie>.. Conver^«ce procadure^*^ » * ' 

* *^ 11. ^Sthemf ti^ of colo;r section of t.ece"iver 
/12/ ' Color>«:oubles ■ ^ 

s 

Task 6>: A^tnnas and Transnisslon Lines 



1 



Performahce:oijective : ^ ^ \ , ' ' 

"Vfth ihe material -pr-ovided, the student will 4emonstrate the th^ry <?f 
^ TV antennas; and how*to insfall tbci in the'cowect aaxmer*- * f 



\ 



ft % 
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Criterion-Referenced Measure: The student will be tested to neasure his 
ability to install and repair, antenna systems* He taust achieve 95 percent 
accuracy. He is allowed to repeat untU he achieves personal goal beyond 
instructor's- goal. - » , 

Performance Guide: * . . * 

I. Resonant lines of an antenna 

^ 2. Definition of antenna^ terms ' 

3. Shost* ^ ' . 

^ 4. Straigtt dipole ^ , > 

5. Folded dipole 

6. Broadband dipoies 

" 7. --long wir^e antennas 

8, Parasitic Arrays • 

9. >Uiltiband antennas 
10. Stacked arrays 

II. Transmission lines 

12 . Impedance^ matching ^ ^ 

13* Antenna ^ installations 

14«* Troubles in the antenna system ♦ 



TELEVISION SERVICE AKD REPAIRMAN 



Television and radio repairman ^ tAlpvis ion repairman . Repairs and adjusts 
radios and television receivers; tunes riceivers «n ^11 channels and bbserves 
audio and video characteristics to locate source of trouble. Adjusts con- ^ 
trols,to obtain desired density^ linearit}^ focus, and size of picture. 
Examines chassis for defects. Test voltages and resistance of circuits to 
isolate defect f olloid.ng schematic diagram* and using voltmeter, o^pilloscope, 
Signal generator, and other electronic testing Instruments. 'Test and changes 
tubes** and solid state devices. Solders loose connections and repairsj^or 
replaces defective parts usiing hand tools "and soldering iron. "RepaCrs. radios 
and other audio equipment. May install television sets, iiid antenna systems. 




ELECTRONIC TECHNOLOGY y 

' ' ' \ 

^ - A Two-Year Post fiigh School- Curaciciilm _ * ^ 

Intfoduction-r 

PHENOMENAL technological advances" have been accomplished by scientists^ . 
engineers, taathematicians, and technicians working together as a team in 
developing new applications for scientific daws.. Evfer-increasing need for 
the combined talents of such teams have resulted in an unprecedented d em a n d, 
not only 'for the creative scientists and engineers,, but also for the techni- 
cally competent supporting personnel and •skilled craftsmen with a thorough 
worlcing knowledge of the* basic- principles' of mathematics and science, l^iis ^ . 
group of supporting technicians apd skilled craftsmen is making an increasii^ly 
greater contribution to the technical team, and is: in critical demand wherever 
there is work in pr9duct development of a scientific^^technical nature. 

Th^ post^econdary phase of the performance-based curriculum in Electronics 
Vas developed by an instructor af Sowela Technical Institute, It has been 
writ.ten ta glv& interested people information concerning a type of^^ull-time 
• two-year^ program which can provide certain tech^xicfd education for>entry into 
-jobs in the field of electronics pL support of engineers and scientific 
personnel* . ■ ^ ' * * • ^ 

This coutse offers such subjects as Hatlvemati^s, English; Physics, • 
Technical Writing, Speech and Developmental Reading. ' The technical, courses 
begin in the firit cfuarter, but ^ey are accelerated^ in the .third through 
eighth quarter to itodude Communications, ftistrumentatioa* ^d Computers. 

The Electronics Technology Curriculua' and the course outline should be 
of assistance to high school cotinselo;r8 in' providing information, in this 

particular field to i-nterested students, . , 

\- 
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The courses Qutrined in this, cuinricUXm have Iteen ^rreng^ed to provide 

specialized instruction in a tvo-^ear post «high sQhool electronics progras. 

The curriculua is organized to provide basic a^ technical preparation for . 

• * * ♦ 

j^obs in a variety of occtpatiox^ in the field oi electronic^ « The courses / 

are ananged in workable sequence suitable to the instructional; needs *of 

students with an appropr^te balance between ^ techrlical' course^ general 

education courses, and laboratory app3,ications. This, is not a pre-engineuerii^ 

curriculum, ^ ' ^ ^ ' 

A graduate of this program will have a good foundatidh*in the field of 

electroi^ics and considerable experience with the '^hardware" encountered in 

.the electronics iildustry. * / * 

To be successful in this program, a person must be a high school g^^Muate 

with a good background in matheciatics or be capable of learning rotatheiBatics if 
% . * ■ 

V 

job pre-training in this f ield ds limited. 

Graduates froc^this two-year curAculum xdJJL be capable of performing 
technical assignments on jobs in the field of electrgnics. Mo3t indu^ries 

expect these graduates to continue training in industry as they ga^p experience 

\ *■ 

on the Job, Such special training programs are^consaon. throughout the electronics 
V ' ^ ■ « ' * 

industry and usually provide ^excellent opportunities for advancements 

Baployment prospects are very promising. Electronic techniciatis are in 
i ' ♦ 

great demand and short supply. These are the reasons: 

1, ^Electronic technicians take over many tasks engineers have been* 
doing, releasing engineers^ for more scientific levels of work, 

2, Advances in scientific knowledge have created a need for more people ' . 
educated in all areas of science,- engineeirlng and technology, 

3, Increased research and development require that, each eni5ineer or 
scientist be assisted by at least one, and of ten -several, . 
electrotiic technicians, ^ 



4,. .Bevelo^iaent and, industrial vs% bf nuclear power has bpened a pw 
' ■ ^ 4tea o£ employment, "... , » 

/ ^ ■ ^ 

^. Autoination.Vequiries more 'and ^ett«r educ^ed people t6 design,^ 
nanufacture, install, and maintain compl«t^ equipment , , 

^ These factors point to a 'bright future for) electronic technicians in 

busiifess and indlistry and government sbcsi^^ Starting salaries are compar- 

at^vely- favorable— beginning Engineers/ i.e. 1970-^5, $6bO-$750 a. month, 

Careful coordination of la6oratory*and**iecturfe is accomplished in order 

thafthfe instructional objectives may be realized. Much of the theory is 

re^vemphasized in. the labotatory in order to accomplish this end. ^ ' 



, ' ' About^he ttoxicuinm^ — r—^. 

EXTE2^IVE planning is given to the arrSji^ent and emphasis on subject 
matter included in this curriculum. As each new concept or, area of Imowledge 
is formally presented, it is. given practical appli^tion o|4^^|ping depth 
as the concept is built i^n by eacli succeeding techSicai course^ the cur- 
riculum. Once introduced a concept is never dropped, but rather it is extended 
and applied in correlation with 'each new feoncept introduced in spbsequent^ ^ , 



courses.' 



^ By devoting a major part, of the laboratory tipe in the circtiit courses 
to. mathematioal analysis, a highl^ effective Integration is achieved* With the 
additional outside study reqxiirement, the Wthemat^c needs of the student as 
related to Electronics are provided. - • . • ,* 

The f^rst two quarters of the curriculum outlined here will provide a 
solid base of knowledge, on which to build ^he advanced course instruction. 
The subsequent study is ci4:cuit-based rather than eqtiipment-based, requiring 
a continuation and extension* of mathematical ^analyfeis, including a signifi- 
cant amount of •'handbook" design. When complex electrical and electronics ^ . 



equipment is utilized for instruction, those special circuit applications, 
that stake ther , equipment txnique are studied separately « Thiedbhen becomes 
the heart of the -^^udy program — ^broad applications of bfsic principles well 
learned thfough practical analysis and reinforced through application to 
specific equipnjent. 

'ihe curriculum can only suggest those areas of information yhich shoul<l 
i>e covered to give students scientific knowledge "which will enable them to 
perform at a level of competency in positions, in industry. 

Although "safety" is not designated as a special subject matter area 
In the outline of courses, it is an indispensable part of each learning exper- 
ience. Laboratory ^^xercisea stress the accident potential of Mrh ipamji^^ _ 
experience and fhe preventative measures to be taken to protect agaixist 
possible injury. Safety is directly related to ^he manner in which a person 
performs, functions, or exposes hiinself to possible injury and the attitude . 
he has toward the objects or materials with^which he works. It i3 almost" 
impossible to "teach*' good safety, Safety^is a part of a way of life. Proper 
safety practices will grow out of desirable personal values,, attitudes, and 
procedures lathe use of materials or oBjects^ A student is taught to'perfonn- 
feach function of his job safely. 

Too^ muoh emphasis cannot be placed upon the need for technically traiiiied 

people to be^abla to communicate data* and ideas clearly and effectively* 

Basic course^ in cdmmunication are taught in the curriculum to. give students 

refresher work as wfell as exercises in functional ^English, As with mathe* 

matics and sci^Ace concepts, there is practical applicaticta of proper tisage^ 

of English all^ courses'! All laboratory reports and written asslgtments are 

• " . ■**'.* 

corrected tor grteaar aqjd for proper writing and reporting procedures^ 




ELECTRONIC TECHNOLOGY PROGRAM SCHEDULE 
• * ' FIRST YEAR 

. 

COURSE Tin^ ' , . ' SUGGESTED •HOURS 

7 I 

* * 'I • 

First Quarter 

Basic Electricity 4- ^ r~ 300 . 

, . Mffth (Algebra •& Slide Rule)- f J.^^ 1.^^ ^ ^ 

Second Quarter ^* * 

V' Basic Electronics ; ^ ; r -^-^ 2#0 

' Math (Trigonometry) — ^ : • 60 

English (Granaaar) ' ^ rr. 1-* : 60 

- - . \ 

^ Third Quyter . ^ ,1 . ^ * ' 

Physics » — — " — --5; • — 120 

Trans^.stors I ^ • ^ : r \ 120 

< - Closed Cir<iuit T.V, — ^ ^ 120 



Foiirth Quarter 

English (Reports & Speech) ~ ^60 

* Transistors.il : ^ ^ =^ , s-r^ 120 

' test Equipment ' r ; ^ — 60 

,Lab Projects ; — ' : — — 120 



SECOND YEAR 



Fifth .Quarter 



Irfdustrial Electronics I ^ ^ ^ 120 

Instrumentation I 120 

Circuit Aiialysis ^ 120 



Sixth Quarter . • 

Industrial Electronics II : — r ^ 120 

Instrumentation II ; — : ■ ~ 120 

^Programming C^'ortran IV) — — --^ ^ 120 



Seventh Quarter 



Switching Circuits ^ — 120 . 

Communications I ^ 7 — — — ; — ^ — ^ — 120 , 

Microwave — ~ _ -J — L — Z — ^X20 

Eighth Quarter 

Digital Machine Design — L-^ r 120 

ConiQunications II ^ — — ~ ^-^^ • 120- 

Term Project ' : ^'—7 — ; ~ ~ — ^ — '^120 



OVERALL COURSE OBJECTiyE FOR ELECTRONIC TECHNOLOGY 



Perfonaance Objective : - ^ • - » ' • 

Obtain all the basic skills and information required by industry in ' 
computers, communications and instrumentation to obtain an entry level job. 



Criterion-Referenced Measure : , 

■ I . • . — 

' Performance to 75 percent accuracy or better for eachx>f the required" 
courses as specified in the electrpnlcs ^technology curriculiim. 



. ^ 'COURSE OUTLINE 

I 

FIRST Y5AR - FIRST QUARTER, 



Task 1 ; Basic El^tricity 



( 



- r-\ 



r ■ 



ERIC 



Perfo rmance Objective : * ' " /"^^ 

— ' ' ^ .f ' - - 

IntrpdUctory material in basic direct and. alternating current circuits 
will be used to supply solutions to basic problems. Difficulty J.evei will 
staxft with a noneleotroiiic based knowledge and go up to but will not include 
the iibjre advanced network. theorem^such as Norton, Thevenin, Lopp/Nodal, etc, 

Criterion-Referenced Measuret^ 



Performance as neasur^by testing on both unit ^ iix^ written test 
to a 75 percent level or higher, and instructor evaluations of fortaal written . 
lab reports which show a thorough understanding of jcWs related reinforcing , ^ 
experiments.. • - ' 



Description : *^ 

T hli> cou rse i^ designed to introduce the beginning student to the funda- 
omental coficepts of electricity and electronics. The approach used to teach the 

theoret^al/ ideas of the course is one of prograiaaed instruction where the ^ 

student is allowed s\if f icient freedom in his/her advancement through the sub- 
ject-matter. Supplemental tests, as well as a rearfil^^ Available instructor^ 
are used as needed. As a complment to the theoretical knowledge, laboratory 
work is an integral portion of the course. Experiments are designed so that . 
thfey relate directly to..the material beitig studiefl Jbi the text. The student 
is tested frequently to ascertain what progress has been made, as well as to 
identify any areas in which he/she iiay be having difficulty. 



quarters 



The course is designed to take the average student approxlnateljf two 
:er8- to ^^lete thie required vork. 
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^- THEORY 
Direct Current Fundakentals 



Hrs« 



■ I* 
II. 

m. 

fv. 

V. 

VI. 

vn: 

VIII.. 
IX. 
X. 



Atomic Structure and Static Electricity 

Characteristics oJ^^euxre^^ Voltage, " arid Resistance 

Relationships of Current, Voltage, and Resistance 

The Series Circuit 

The Parallel Circuit V 

The .Series-Parallel Circuit , 

The Voltage Divider • • -> 

Magnetism ^ ' • 

■Electromagnetic Induction 

Basic -Meter Movements 



6' 

6 

6 

6 

6 

6 

6 

6 

6 

6 



Altem^ing Current ^ijndamentals 



I. 
II. 
Ill/ 
IVi 
•' V. 

VI. 
VII. 
VIII. 
IX. 
X. 



1. 

3. 
5. 



Introducti6n to AC 

• 

Introduction to Inductance 
Introduction to Capacitance 
Trans fonser Action 
AC Power 

AC Resistive Circuits 
RI,-Seactive Circuits^ . 
RC Reactive Circuits 
R£C Reactive Circuits 
Tuned Circuits' ■ 



6. 
7. 

10.. 
11. 
12. 
13. 
14. 
15.. 
16. 
■17, 
18. 
19. 
20. 



LABORATORY* " 



TOTAL 



filettrpni<y Components "and Symbols 
ReadirigySchematic Diagrams 
Introduction to the VTVM 
Tteslsf or Xblor Codes 
DC Volfage Measurements 
DC Current . c ' ^ 
Oiat's "Law ^ 
The^Series Circuit ^ 
The Parallel Circuit 
The Series-Parallel Cirtfuit 
Cl\,aracteri^):ic^ of Meter Movements 
Multipliers for Voltmeters 
Use of th^ Oscilloscope ' - 
Characteristics of Inductors ^ ■> 
Characteristics of Capacitors 
The Power Transformer ^ 
Series RL Impedance 
RC Time- Constants 
Series Resonance 
Parallel Resonance 



- o 



J 



TOTAL- 



3 ■ 
9 

h 

9 

,9 
'^9 

9 

9 

• 9 

1? 
9 

: .9 
- 9 

9 
. 9 
'9 

9 



180 



^ TOTAL THEORf AND LABORATORY- . 300; 
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Task 2 f Algebra and Slide Rule 

Performance Obj^tive: 

General Algebra theory will be used to 'obtain solutions to related 
electronic problems. Solution techniques will include factoring, fracticais, 
exponents, linear and quadratic equations, equation systems and the use of 
determinants in their solution. A. slide nrule will be used to obtain all, 
required table constants, rfs well as a simplification tool to reduce itera- 
Won work load. 



Criterion-Referenced Measure : 

a! sample of electronic-related problems that will cover each of the math 
study areas will be used to test for performance level. A grade of 75 percent 
or higher will be required for successful completion. All table information 
will be obtained from a slide rule and the test length will be sufficiently 
long to require^ a slide rule for completion within the allited time. 



t^isjription : , 

A, general algebra course iricljuding a review of the development of the real 
number .system, and the fundamental operations. Areas of study include: 
factoring, frac,tions, exponents, linear equations, quadratic equations, systems 
of equations, and lise of determinants and logarithms. 

Instruction is also given in how to use a Slide Ruli^..^ . . 



^ Performan^g ^^-^^ ^ 



I.'^ The Number System 
II. Scientific Notation 

A. Significant Figures 

B. Addition and Subtraction 

C. Multiplication and Division 

D. Estimatioil of Results ^ 
III. Fractions 

. A. Definitions and; Fundamental Principl^es 
B. Addition of Fj^^ctions 
• C. Multiplication of Fractions 
D. Division of Fractions 
IV. . Special Products and Factoring^. ' " 
A. Product of Binomials 
• B,r^--~P^roduct of PolyfTdmials / 
;^ '^" / c* F^toring Trihomials \ ' '\ 

D. Factoring: BinSmiais 

E. Factoring by Grouping 
V; Exponents and Radicals. 

A, Positive and Negative Exponents 

B. Roots of Numbers 

"1— C.. Product and Quotient of Radicals 
. -.1 

56 



Suggested ^ 
41ours 
5 
4 



11 •/ 




65 



VI, Linear and Fractional Equations A 

A. Definition^. . . ^ • • 

B. Linear Equations in one unknown . 
• €• Solving Stated Problems - / 

VII, Quadratic Equations , / ^ -5^ 

A, Definitions y 

B, Solution by Factoring " / ^ 

C, Solution by Completing the Square 

D, The Quadratic Formula * , * , 

E, Problems that lead to Quadratic Equations 

VIII, • Functions and Graphs 3 

A, Functions 

B, The Graph of a Function ' « 

IX. Systems of Equations ; > ^ , , 

A, Equations in two variables ^ 

B. Graphical Solution of a System >f Equations • 
Algebraic Methods - Eliminations 

D', Problems leading to Systemsr^^S, Equations 
X, Elementary DJfeterminants of the^Sec^nd Order 5 

A, , , Determiitsnts of the Second Order 

B, Determinants of the Third Order 
XI. Logarithms , ~ . . 

A, Definitions 

Common, or*Br:^ggs* Logarithms 
C» Use of^Log Tables 

D, - SUd.e Rule - \ ^ 

/ ) • TOTAL HOURS \ • 60 



' COURSE OUTLINE- 

; \^ J ^ ^ FIRST YEAR - SECOND, QUARTER 

Task 3: Basi6 Electronics 



Performarice Objective : ^ - - ' 

Introductory material in basic electroni^is to include active deV^ces such 
as diodes, triodes and amplifier circuits wd^i bemused to build, and understand 
tb^'^tSpiatating principles of ^ch basic circuits as audi(0^^ R.,F. ampmfica- 



*^ion, oscillators, mo^Olirt^ipn and detection,* 

Cflterion-ReferenceA'^asur^ : * 

Successful completion of written tes:t covering required material to\a 
perfonaance level of. 75 percent is necessaxy* All required circuits wlljP^e 
built, all tro.ubles removed, made to tfperate to lab specifications, and a\ 
foi^aal report will be required for each. experiment, * \ . \ . 



Description : • , . ' ^ , .^"^ 

This course is a continuation of ]5asic' Electricity. Thfe intent of the 
course is to add to those underlying basic principles presented, earlier. In 
such a manner as to give the student a comprehensive idea about basic 

57 : , 

66' ' ■ . ' 



electticity/electtonics . As the electronics subject matra^becomes more complex, 
80 doeQ th'e tool of mathematics, which is being taught concutrently. 



Terformance Guide; 



THEORY 



I. Diode Tubes 

. II. Circuit Abbreviations > 

III. Triode Tubes 

•IV. * Txiode Amplification . — 

V. . Tetrode Tubes 

VI. Pentode Tubes 

VII. Introduction to Power Tubes 

^.Vltl. Use of Power Tubes 

IX. Classes of Amplification 

X. Amplifier Coupling & Contrpls 

XI. rAudio Amplification 

XII* Wideband Amplification 

XIII. RF Amplification - 

XIV. Impedance Matching in. Amplifiers 

XV. Oscillator Principles 

XVl'. The LC Oscillator 

XVII ♦ ;rhe CrystaJ. Oscillator 

XVIII Fundamentals of Modulation ' 

XlX^i Fundamentals of Detection 

XX. Fundamentals of Siiperbeterodyning, 
XXI. ' Analysis of the Superheterodyne Stage 

XXII. Introduction to Power Supplies • 

XXIII. The Total Superheterodyne Receiver 



Suggested 
Hours 

7^ 
' 6 




TOTAL HOURS 



LABORATORY 



Diode Characteristics , 
Characteristics 
de Amplifier 
e Power Amplifier . 

5. ^S^^S^shTpuJl Power Amplifier 

6. *\N[^^^' Analysis in Amplifiers 
J: ^^If & Vull Wave Rectification 
8.* Power Supply & Filter 





10 
10 
'1& 
10. 
10 
10 
10 
10 



80 



Task 4 : Trigonometr; 




TOTAL HOURS 



240 



ERJC 



Performance Objectives and Criterion^Ref erenced Measures : 

1. Under verbal and written testing (75%), the student will.be Abls^ 



to state the definitions of sine, bosine, and tangent; to solve any 
right triangle; to- linearly interpolate from a table of trigonometric 
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funct±ons; to read values of the functions for angles larger 
than 90 degrees as signed nuidbers; to use the laws 6f sines and 
cosines in solving triangles that are notr right triangles. . 

, _ : 4. _ J 

^2. Under verbal and'vnritten testing^ (75Z)> the student viU he abler ^ 
to add and subtract vectors in a'^plane; to convert-^^oa polar tp, 
,^ rectangular and from rectangular to^^trlar-^rm; to graphically add 
and subtract vectors in a plane; and Xsr resolve -a vector into comr 
ponents in specified directions • ^ ' 

Descriptioa : • * 

Introduction to the trigonometric functions:' use of the tcigoriometrljc . 
functions in solving triangles and vectors < . Use of fundamental idpntitieg^^ — ^ 
radian measure; logarithms; and polar coordinates. ' - , 

* * • ■ , • . . ^ 

^ Petforraance Guide : THEORY . , Suggested 

h ' . » Hours*' 

"I. The Trigonometric Functions * ^ ' ,* ' ^ ; 5 

A. The Number System and Basic Definitions . . ' 

B. Definitions oi the Trigonometric' Functions " ^ 

• C. Values ' of the Trigonometric Functions ' ' •\* 

II. Solution of RigTit Triangles - ^ • - * , ^ 15' ^ 

A* Use of Tri^oridmetric Tables ^ ' * • ^ * 

B. Trigonometric Tables . . 

C< Vectors' • ' • . * . * 

III. ^ Fundamental Identities^ . - 10 . 

A. Fundamental 'Identities ' , ♦ * . \ > • ' . ' 

*B.^ Trigonometric Reduction • * <l - ' . • ^ 

Identities^ . • ' • ' " * \_ ' 

IV. Radian Measure' and Functi'ons of Numbers ■ ^ 
V. Graphs of ' the Trigonometric Functions " " . ' v' ' * ' 

A. Introduction / • * ' ^ \ * 

, B. Bounds and Amplitude - ' * . _! * ^1 * . : . 

»C. • Gcaphs of the^ Trigonometric Functions ' . - 

..VI. Logarithms . 10 

Definition * . * • • ' 

B. The Common, or Briggs "System of Logarithms ^ 

Logarithms Coi^putations ^ ^1 

VII. Polar Coordinates- . J * \ * • ' * ' 

A. Definitions and Concepts \ ' . ^ . * - ' .-'^ 

B. Construction of^^the Gtaph , . ' '1 ' , --'7 

C. S^elatiohs between Rectangular' and Polat Cobt^inates ' ' 

• * • " ^ /. ^* 

• - . \. ^ ^ *i '-'^^^ ^9^^ /.:' - ^^^^^^^^^ 

. " , * ^ H - ..v/. 

Tagk.S ; * Supplemeiital BssJLc Information 



Per^oimancte Obi ect ivej 



4* 



^ Obtain d basic woirking laiowle^ge 6i solid Btate fcheoty >iid circuits 
through study^ ajid laboratory experience,. 'j * * V.. ' 



Crlterlon-RefgrencedT- Measure ; 

^ • ' *■ • 

' ^Onderstandtag.of theory will Ve neasured by objective testing with success- 
ful coiaptetion being a grade of 75 percent or higher, Laboratoqr «P«1='^" * 
will bfiursued'unSl satisfactory circuit operation is obtained as specified 
2^he iSSrTexperlBent or-Sercise and each will be followed by a technical 
■"port which r^emphasizes-a- thorough understanding of the infonaatiqn presented. 

• . « > 

; 

Perforoance Guide : 

^ ^ Should a' student be'.atove average in Ms/her achievement ^'Con^^f^^ f ^ 
preceding requir^ents tn less than the two quarter allotment, he/she will be 
allowed to speiid the remaining time in the quarter pursuing the f ollowlsftg 
subject matter. ^ 




I. . Introduction to^ Semiconductors , .v^ 

IP. Introduction t<> Transistors ' * . \ 

m. Transistor Parameters ' • * . . ^ • 

IV. •■Parameter Calculations 

V. Bias Stabilization • " ' \ ^ 

VI. Load Line Calculations ' , ^ ' 

VII. Introduction to Audio Amplification 
VIII* Audio Output Circuitry " 

IX. Tuned Amplif icatidn ^ . . / . 

X. Wideband • - f , 

XI. L€ Oscilirftor PrJLnciples * ^ 

Xil. ' Methods bf Transistor-Construction 
xm* Transistoi; Specifications^ ^ ^ 

* * " LABOKATORY 
• • . • • ^ ^ ' ' 

1. Half-wave Rectification . - ' 

2. Physical Characteristics of Transistors ^ 

* 3. Transistor Testing 
; A. Determination of Alpha & Beta 

5. Transistor Data & Interpretation 

' 6. * Transistor Audio Amplifier 

7. .•'Common Emitter topllflwer 
Cascaded Amplifier 
* Frequency Response of Audio Amplifiers 
10. PuSsh-pixU Tower '^mpU^f ier 4 . . ^ 

• 11. Analysis of the Total Amplifier ^ 

12. Tie TRF Receiver* 

13. The: Hartley Oscillator 



Task 6 t Coirg>osition & Rhetoric .. - 

« 

Perfonaance Objectives ; ) 

— - ^ > ^ / 

To be able to identify ^arts of speech as found in sentences and recognize 
sentence patterns* in coaraon use. To be able to use a dictionary to detemine 
proper spelling, meaning and pronunciation^ To be able to write a s.etttence 
given in one pattern as ^n eqxxivalent sentence in another pattern. 

Crit'erion-Refer'cnced Measure ; 

* ,A grade of 75 percent or higher on a verbal and written examina tion will 
be required foi: successful ccfiapletion, ' 



Description: 

This course is intended to teach t|ie student the ^asic skills ^if English, 
the principled of correct word usage, prBj^er punctuation and capitalization, 
effective communication skills through various types of business letters, 
telegrans, ceniorandons, and technical reports, and spelling words of a general 
and electronic nature. * > ■ 



- gerfonnanfce Guide : • ^ . Suggested 

' . ^ ^ Hours 

I* Basic Principles pf Granmar , % 2Q. 

A. Eight principal ^arts of speech, andfu^i^fev 

Troublesone problems • 
II. Sasic Ptinciples of Punctuation and Capitalization^ 14 

A. Types of punctuation *^rks and usage^ * 

B. Open and closing punctuation in letter writing 

C. Correct way of writing nunbers ^ • * 
- D. Standard 'rules for capitalization 

III. Basic Principles of Undefl^ing Construction Composition 12 
. of Business Letters, Telegrams, Memorandums, and Business >^ 
Reports * ^ 

^ A. Organization of materials and ideas "for different types* 

* of business letters ' ^ 

\ B. Proper procedure used .in writing business letters 

* • C. Proper procedure f or , writing telegrams 

D. Basic fundamentals for writing Memorandums and business ' 
reports - * . ^ 

IV. Basic Spelling Words — General and Electronic TermlnQlogy '^^^^ 

A. Correct spelling and usage of , words * 

B. Correct pronunciatioif'of words 

C. Proper way to use dictionary, dnd consultation of . such 

when in doubt of spelling, pronunciation, or definition '* 



TOTAL HOOKS 60 



61 

:\ 70 
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COURSE OUTLINE 
FIRST YEAR.-. THIRD QUARTER 



Task 7 : -Physics 

/ . 

Performance Objectives ; 

To. learn and be able to ad^, subtract, multiply, divide, round, and estimate 
the result of calculations *in scientific notation, to convert a measurement \d.tb 
one set of units to an equivalent one with other tmits, to represent forces with 
vectors, to resplve vectors into components, to find the resultant of concurrent 
forces, find the equilibrant force*, solve problems requiring torques for their 
solution, calculate vector momenta, coapute velocity from conservation of aomenta, 
<?t>npute motion with unifoha acceleration, 'to relate force/change of momentum and 
force/acceleration by using Newton's Laws, to calculate gravitational attraction 
and acceleration, to figure kinetic and potential energy of a particle, and other 
basic physical phenomenon*. 



•-A 



Cr/ter ion-Referenced Measure ; 



Achieve a level of 75 percent or higher on written examination. A labora- 
tory taanual is required with each assigned experiment written in the. appropriate 
technical form. 



Description ; ^ , ^ 

Introduction to basic principles of science. Precision measurements, laws 
of motion, machines, optics, -wave taotion and d^jLectrcsnagnetista are presented in 
relation to the demands of industry. 



Performance Guide: 



THEORY 



I. 

II • 

IV.'' 
V. 
VI. 



1. 

2. 
3. 
4. 

5.. 
6. 



Mechanics 
Heat Transfer 
Wave ^tion 
Optics ^ • 
Electromaglhetism 
Atoaid Physics 




Suggested 
Hours 
15 
15 
15 
13 
21 
2 



TOTAL HOURS 



LABORATORY 



Helsurements 
'Heat Transfer,^ 
Acceleration of Gravity 
Projectile Motion • 
N«?ton's Second Law 
Coefficient of Friction 



81 



3 
3 
3 
'3 
3 
3 
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71 . 



\ 



7. Simple Machines 

8. Speed, of Sound " 

9. The' Sonometer 

10 ; Oratixig Spectrometer 

11. Index ^of Refraction 

12. Thin 

13. Polarized iilectromagnetic Radiation 

14. Magnetic Fields 

15. Electromagnetic Induction 



3 

3, 
3 

'3 
3 

3 
3 

3» 



.52 



TOTAL HOURS 



•126 



Task 8: Transistors I 



Perfomaface Objective : t \ , 

Given a set of. transistor specifications, seaiconductor theory and 4evice 
operating, parameters will be applied to coc^te component sizes, circuit ' 
parameters, and circuit Units including device makeup sxxch as gexpanixim or 
silicon and'device problems such as Iqbq, BETA, and Vg£. ^ . • 

« 

Criterion-Ref erenctd Measure : , 

Successful construction of stable circuits to deal with each of. the 
problems of the solid-state circuits presented in this ^lock of .tjxeory'will' 
be required. Laboratory equipment will be used to measure circuit Integrity 
for variation parameter and ea^ch experiment will be followed by a report of 
results obtained. All theory tests Vill require a grade of 75tpercent 
correct/completion for success. 



Description ! ^ ^ ^ . 

.V • • _ 

Course is designed to teach the student the theoxry of operatiop of srai- 
conductor devices. Coursre^ includes a study of the makeup of silicon and 
» germanium devices, as well as a detailed study of the circuits in which 
translators are to be found. Student learns to compute coaponen't sizes,' 
circuit Jiarameters, and circuit limits^* ^ k 



Performance Gvldd: 



THEORY 



^ 1. Semiconductor Physics^ - . 

II. The P^N Junction " ^ ' 

III. A. Rectifying. Proper ties of a^P-N Junction 

B. The I-V^ Characteristics of ^ Semiconductor Diode 
III. Large Signal Diode^ Approximations^ ^ 

A. The Ideal Diode ^ 

B. The Second Approximation of a Re^ Diode 

C. The Third Approximation ^f a Real^lode ' 

D. Reverse Current . • • ^ 

E. The Zener Diode 

» 63 

^ • • 72 ' • ^ 



Suggest^ 
Hours 
6 
8 



8 



\ 



IV. ' Small Signal Diode Approximations 

A. Superposition _ 

B. Diode Capacitance in, the Reverse Region 
Common Base^Approxinations 

A. The I-V Characteristics if the Cossaoa K rai tt ex Connec 
• ■ • B. The Beta of a Transistor , ^ 

■' C. Base Bias ^ ^ 

D. Emitter Bias 

E. . The Voltage Gain of an Eraitter Biicsed Stage 

F. Effects of Soyrce Resistance 
VI. Common Collector Approximations . . 

A. Derivation of CC Formula 
5. Gain and Input Resistance 

C. The Darlington Pair 

Vlf. Large Signal Operation , ^ ^ 

'a. The DC Load Line . . 

The AC Load Line * - * 

C: Obtaining Max4num Undipped Signal 

D. Loa^ Lines for the CE 'Connection 

E. *Load Lines for' the CC Connection . 
VIII. Bias' Arrangements 

A. »Beta Sensitivity* • • » 

B. Base Bias 

C. Base Bias with Feedback ^ ^ 
D- Eciitter Bias 




10 



10 



70 



LABORATORY 




The Diode Rectifier 

The Zener Diode 

The Common Base Amplifier 

The Common Emitter Amplifier 

The Common Collector Amplifier 

The Darlington Pair 

Emitter Biased PjspllUex (Beta Sensitivity) 



2 
A 
4 
•10 
8- 
6 
6 



40 



■TOTAL HOURS 



110 



Task 9: Closed Circuit T.V. 



Perforaance Objective ; 

T"^ '■ ' - • \" ' 

Be ab^e to set up, "tune, locate interaal troubles, build and ad^latain 
routine maintenance schedules" for .closed clrfcuit T.V. systeas. Und^stand 
the operation of and be able to select the correct Camera type?, lense ^ 
systems, and lighting components. ' ^ 



64 



ERIC 



Id 



Criterion-Referenced fteisure f * . 2 

• Hake all, adjustments necessary on an actiial 'teleyislon system to set up 
correct operation* Given a system with inteirnal troubles, locate the problem, 
repair the faulty circuit and retUnuthe 'system to service »^ A grade of 75 

_ percent or higher miust be maintained' on' all examinations* ^ . ^ . - 

Description : ' * » ^ * . 

This course Is^ designed to give^ a student*'a fundamental backgrouxxd in 
.closed circuit T.V. syst^gis* Primarily solid state vldlcon -camera ty^efi "are 
presented from both installation ipd maintenance aspects. ^ Camera types, 
lighting requirements, lens systems', and envlroiimental considerations are^ 
discussed. It should be fully undergtood that this ctmrse doeS not prepaVe , 
a student for a state television repair llc'fense or a job in that skill area, 
only industrial and instrum^tation camera/monitor systems are presented. 

Perforynce Guide : ' THEORY 

f . , ^ Suggested 

\ ' ^\ . Bours 

I. Introductiqn • ' . * * \ • . • 

A. Systems . ^ • 
B\ Environments • * 

II. Cathode Ray Tubes * ' • , A.- 

' - A. Kinescope 

B. Camera » . 

III. Sync Generator^ * 20, 

IV. Television Cameras * , * 30 

V. A. Deflection - * 

B. Video ' ''7' * ^ 

C. Correction - .* 

1. Peaking 

2. Pedestal ' ' . " ^ - - ' • . 

3. Aperature . ^ ^ 
A » Gamma - * * 

5. White ' . , 

6. Sen sitivity ' • ' # ^' " 

D. , Bianking" — 

vr* >Jonltors * * . \ * A 

VI* Supporting Equipment • ^ • 4 

^ A. Equalizing Ampllf iers ^ • ^ 

* B» Ijfi^ertlon Special Effects . v 

^C» Video Switches . 
Vll. * Lighting^ ' . ' ' , " . 2 

Vni*. Optics \ ' • 2 

IX. Television Recording < ' • k , 

lABO^TORY 

1. Video' Composition and Oscilloscope Analysis * . 2 . 

2. * CCTV Camera Set Up ^ ♦ * , 4 

3. Sync Separation . . . • 4 

• ^ - • • 

74 > . . . . 



4. Deflection Circuits ' . ' " 18- 
A. Oscillators * ^ ^ . • * ^ ■ ' 

I B. Sync Circuits^ '* - • ... * 

'^^ -y c;- Output Citcuita ^ . ' *• • ^ * • \ ' 

5. % Luminance Signals ' \ ' ^ '^ v ^ 
.6.* Cl^rominance Signals - * , * ^ 



TOTAL HOURS 120- 



t 



COURSE OUTLINE 
FIRST YEAR - fOUKIS QUARTER 



7 



' Task 10 ; ^Reports & Speech 

. Pe^oroance Objectives : > ' * 1^ 

» I i ^ ' ' » 

* ' Write office and inter-department instructions, directives, taemos, 
technical reports, » a5id requisitions. Write a personaj. resuue suitable ior - 

• job interview using appropriate writl^ig laodels. ^ 

\ ■ 

Criterion-:Ref erenced Measure' ; ' . 

For a/sclec ted. research topic, collect ^and px^ent scientific and technical 
dat^ in the organization a tebhnicai report t6 "the. satisfaction of th^ 
- instructor. Write a personal resume ;^f» a quality that is accei^table for an 

* industry interview^ for a job.- * , 

Description; \ ' • • 



* Techniques of collecting and presenttog scientffic andtephnical data. 
Informal reports and formal reports; fecial* types of t^chMcal papers. Forms 
and procedures to be used in the writing' of technical reports. 

The subject matter of the sttident rejforts in this course will be taken" 
. from the electronica technology curriculum. * 

Performance Guide ; »■ MAJOR .DIVISIONS 

: ' ^ / • ^ Suggested 

C r ^ - ^ - ^ • - • • . Hours 

I^ ^Th€ Sciktlf ±c Hietfeod * , ^\ * * ... ^ ^ . 9' 

*II. . Design of the Report / • ' . 24 

III. • Form' and^ Style of the Report ■ ' ^ * y'-\m^ ^ 

ly. Criticism of .the Report * * - • * • ^ J — 

' . ~ 60 



I 



UNITS OF INSTRUCTION 



"I. The Scienti^ Method " , 5 

. ^ A. * Meaning of the Method 

B, Characteristics of the Scientific M:ethod 
II. IXe^ign of the Report . * 24 

A, Definition 

B. ' Four , Important Proce'SureS/ 
*Q- Test of Progress 

D. Primary Functions. of the Introduction 

E. The Paragraph 

V F. Use of Sectional Headings . y 

G. Special Types of Paragraphs ^ 
- H. The Terminal Section • ' . 

I.' Synofpsis . . _ 

J. The Rough Draft 
. K. The Short-fom Report 
L. NThe English of the Report 
III. Form and Style of, the Report ' - *i.2 

A. Stenographic T)etails , ' - ^ 

B. ! Styling the Report 

C. .^; Format; / • ^ 

D. , Figures 

E. Tables 

IV. -cfeticism of trie .Report ' ' 15 

A. Finding the point of attack 

B. A study of introd^ictions 
. C. Studies 5h reorganization 

D. Studio in Coherence 



, TOTAL HOURS 60 

/Ttek 11 : • transistors II . 

Performance Objectives ; 

Be able to locate troubles in complex transistor circuits through a t^oxr ' 
opgh knowledge of multistage 'transistor design. Find problems caused hy . ) 
t^peratuTj* effects a^d sta^e frequency response. Apply h-parameter analysis 
to stage design and component selection. 

> ) ^ ^ . " *' 

Criterion-Referenced Measure ; / 

Design and construct a high-f requency^ broad-band multi-stage transistor , 
ampll^fier that will work to industrial criteria and environmental specifica- 
tions. Make a grade of 75 percent or higher on theory and laboratory 'objective 
tests. ^ 



' Description : ' ' 

Course is d^signe'd tTo compliment Transistprs I. Included a study of the 
A-C operation of the transistor amplifier, multi-stage amplifiers, teaperattire 
effects, and frequency response of transistor amplifiers • Also includes a 
study of h^arameters, and brief study of such special' purpose devices as 
fieldreffect transistors, special diodes^ and latching devi(^es. 
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76 



Performakce Guide: * , raEORS v Suggested 

Hour? 

- (I, . A-C Operation . . ^ . . _ _ 

A. A-C Analysis oTXJE Circuits — . - ( 

B. Enitter Feedback/ • ' ' . * 
^ C^^ CC Operation 

D. * CB Operation 

E. Effeetts of Source Resistance • • * 
" F. StabUizing the Voltage Gain from Source to Output 

G. MaxiEiiua Signal-Handling .Capability ^ • ' -12 . 

II. Cascading 'Stages 

A. RC Coupling 

^B. Two-Stage Feedback . r 
— ^^^^Gv-- Inductive Coupling 

D. Transfotmer Coupling ^ x 

E; Tuned Amplifiers 

F. DC Coupling • ' . • * * 

G. Difference Amplifiers - . g 

III. .Te mperatu re Effects* • 
^ A. Changes Due to Temperature- - - 

1. Emitter- Junction Resistance - . , . 

2. Beta Changes v » . 

3. Changes in y^e ' , " 

B. Leakage Current ^ * , > . 

1. Common Bas^ ^ * ^ ^ 

2. Comoon Emitter " . ) ' . 

C. The Stability Factor ^v.- " 

IV. Frequency Response * ■ - 

Ar^Respon^^ o^jE an RC fcou^led Amplifier • . 

BV --ebmmon^Base Stage • • * 

1. Lower Cut-Off Frequency ^ , ' , 

2. Upper Cut-off frequency .. . ^ . ' 
C. Common ^iiitter Stkgf" , • 

1. Xower Cut-off Frequency . 
2-._ Upper Cut-off Frequenay ' 
i^: — Tran'sl3tor-€u^-0ff Frequencies * ' ♦ — ~ 

E. Base Spreading Resistance , ' * -.^ 

" F. Response of Cascaded Stages . ^ y 10 ^ 

V. 'h^ar^eters - , . 

A. The Concept of the h Parameters 

B. Input impedance of a Network \ I *\'^ . ^ 

C. Voltage Gain Using h Parameters X ' * 

D. The h* Parameters of a Transistor . ^ - 

1. Coir|jfi'(5n Base \ <■ ^ 

2. ' Comjjaoti •Emitter ' " * 

3. Conversion o f h Parafaeters ^ " T 
VI. Field-Effect; Transisto^ , ^ •/ 

. A. The Junction Fljeld-^Eff ect Transistor i 
- 1» ,-3iasing - 
2.( drain Curve©- 
•i 3. AC Operation 
/b. Depletion-Etthaggement MOSFETS 




ERIC 
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C. Enhancement MOSFETS ' - 

D. Biasing m6sFETS •* * . ^ - 

E. A-C Analysis of MOSFET Circuits 

VII* Special Diodes . .j . ^ ]^ 

A. Varactors ' ~ . - v. : 

B. Step-Recovery Diodes u « , ^ . - . 

C. 'Schottky Diodes " " . * . 

D. Backward Diodes * ^ ^ - 
fi. Timi).el Diodes 

' F. Pm Diode % . * 

Vtll. Latching Devices " ^ ^ f 

A. The Ideal Latch . - • • ^ ( ' 

B. The Four-Layer Diode • 



C. The SCR ^ 

D. The SCS 

^ E. The Diac , ' . 

F. Xhe Triac * - 
IX. Optoelectronic Devices ^ 

A. Light-Emitting Diodes 

B* LED Arjays 

C. Lase^r^todes . - . 

D. Photbresistors 

E. Photodiodes . • « 

F. Photo transistors 

. G. Photo Detector Arrays 



BO 



LABORATORY " ^ - 

1. Tvo-Stage RC Coupled Amplifier' • v 10 

2. Two-Stage Tuned, ^ Transformer Coupled Amplifier ^ -10 

3. Frequency Response of. RC Coupled Amplifier ' \ ^ , 

4. Field-Effect Transistor Amplifier V . - • 6 

5. SCR Control Circuit \ • ^ ^ ^ { I 2 

6. The LED • J V L 

• . 40 



- . TOTAL HOURS 120 " ' 

, . Task 12 ; Test Equipment 

^ , • • • , , . r ' ] 

Performance Objectives : • • \ ^ . ' 

^ V...' < 

' * ' ' . . . \ 

Obtain a working knowledge of the internal construction, circultls, and 

electrical limits of a basic set of electronic test units." Use tihls equip- 

bent within its design limits to make qualitative measurements in, electronic 

circuits J 

^ \ . ' ' " . 

.'v. / ; Criterion-Referenced Measure ; > 

Build the feasic measui;^ffent titcult and Show that it will work for each o^ 
the measurement equipment types ptfesented. Given industrial or laboratory 
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grfde equipment I properly at tech to a system to obtain meaningful measurement^ 
data to determine if the system is functioxxing correctly. Make a grade of 75*^ 
percent or higher on theory examinations. 

Description : * ' . • - 

Course begins w^.th.a atudy of basic meter movements and how their ranges 
can be extended. Course includes a study of various meters^ signal generators, 
capacitance, inductance, and impedance measuring devices, and the oscilloscope. 
Also included is instruction concerning the care and use, and repair of all 
test equipment. * . ' * 

Performance Guide c ' ^ THEORY ^ . ' 

" T' • • Suggested 

I, Basic Measuifetaents and Electrical Laws' ^ ^ ^. 

A. JBasic Meter* Movements - ' ' 

B. <» -Advantages i^nd Disadvantages * • - * - 
II. Range and Function Versatility 

A; Extending Meter Range 

1. Voltmeter . , 

2. Amfmetej: ' ' * . 

3. Ohmmeter • a ' 
B. Function Change 

1. VOM • ' • — >a 
• 2. VTVM * - . . 

111. Tube ancl Traniiistor Testers - . ^ '6 

A. Filament Testers* ^ • ^ 

B. Mutual-Conductance Tester 

C. Diode and Transistor Testers ^ ^ » 

D. Transistor Curve Tracer * ' 
IV, Signal-Generators ^ , - . 6 

A. Basic Oscillator Circuits . - • . ^ 

Hartley Oscillator. . ^ _ . 

2, Colpitts Oscillator 
\ 3. Tuned-Plate, Tuned-Grid Oscillator 

^ 4, Cry star Oscillators , 

5. Multivibrator Oscillator 

6. Electron-Coupled Oscillator 
•\ 7. %Wien-Bridge . , - . 

B*. 'Gto&ation of Non-Sinusoidal Signals , 
C, 'Generatdiig Sweep Frequencies 
V, Impedance Test ^ ) 

A. Capacitance Measurement 

B. Inductfance'MeasxiremeAt , • * . ^ - • 
- C. VTVM. Capacitance Test ^" . ^ , 

VI. The Oscilloscope . ' . 

A. Types and Uses . 

B. Construction - , 
G. JBlock Diagram 

• 



70 ■ • ' . ^ 



7-9: 



II. 



III. 



IV^ 
V. 



Circuit Study 

1- Vertical Amplifier 

2. Horizontal .Amplifier 

3. Swe^p Circuit 

4. Power Sug4)ly^ 



LABORATORY 



Simple Meters 
A<v Voltmeter 

B. phmmeter 

1. Series,- 

2, Shunt- 
Transistor and Tubfe Tester 
A, Conductance Test 

.B. Curve Tracer 

C, Meter Test 
Signal Generator 

A, D.se of ^en^rator 

B, Simple Oscillator 
Use of Impedance Jestet ,4 
Use of Oscilloscope 



3*6 



4 
6 



24 



TOTAL HOURS 



60 



Task 13 : Lab Projiect? 



.Performance. Objectives ; 



The student will proHuce e^ch of the approved^ electronic solder joint.s' 
to indust)?iat\^tandards, i , . ^ 

The student will produce a usable ej-ectronic chasis, .puncTilng or filing 
^llTioIes to a quality acceptable for fielH^TOdifitation of existing^ 
commercial equipment. " • • • 

The student will manufacture including 'layout, photo work, and drilling 
of a printed circuii^ card. , / 

The student will produce a cable for interconnection <jf electronic 
eqtiipment to include at* least two multipin connector^ and a barri^er 
connector,, properly laced and labeled. 



. Description : 



Coursjc is designed to give .the* student practice in , proper^ techniques used 
in fabrtca^tio^ and repair of 6Iect|gr^ic cquipi^ant. * Student will learn proper 
procedures for working mejfetl chassis/ fHannlng and etching printed circuit 
'b'oards ^nd'fabrication of'electrbnjtc'cables." * ^ • *, ^ ^ 



I. 



II-' 



III. 



IV. 




TORY 



.VI. 



vri. 



Solderii>g < . ^ ' 

A. Outside Chassis 

B. Inside Chassis 
Chassis Punching 

A. DrlUltvg 

B. Use of Greenley Punches 

C. Nibbling 
Bread Boarding 

A. Circuit Layout 

B. Circuit Connection 
jC. Chect Out of Circuit 
Etched Circuit Fabrication 
A. Drawing to Scale 

Photo Reducing 
Etching 
Drilling 

Soldering' ' * 

Cable Fabrication 

A. Plug Wiring 

B. - Cable Lacing 

C. RF Cable Fabrication ■ 
Chassis Layout Planning • 

A. Spacing of Parts > 

B. Location of Controls 

C. Positioning of Componenta 

D. Routing of Wires 

DC Board Repair ^ - . 
A. ^'Broken Run Repair 
"B*;: Component Replacement 



B. 
C. 
D. 
E. 



id 




o ^ COURSE" OUTLINE 
SECOf!D JEAR*- FIFTH QUARTER 



Task 14 : Industrial Electronics I 



Performance Objective 

Obtain a working 
problems in tlie- industrial electronic and 't)roces8 



Obtain a working knowledge of the theory aijd sofcu'tidn technique^ for 
omn ^n fhe- industriaL electronic and 'brocess contttil-job area. 



TOTAL HOURS 



Hours 
16 



16. 



16 



20 



.16 



20 



16 



1^0 



Criteridg-ReiEereifted Measure iy 

Produce a grad.^ level of 75^percent or higheToriWmitiation in the subject 
material area.'- ' . - ' . , » ■ 



72 
8i 



. Descriptlofi : • ' - . . > • 'I - 

.Xhifi course is alm^d^t^ the theory and soiutldajB tec^que&.to aa^oy . 
'..technician j^robleins^ in th^ ind'iistriai elettroftica tod^roceali cOTit]^ol 3^rc4&* 
^-^e^-fiophaals is on theory not .j^uipment .flr lijioratory. work hec^e^many 
industrial and inatnnnentation ays tens r^quiiJfe special eircuita^i^cR'are 

aitriCOltrL u tmdetstand and must be treated aatheifiaticaliy if a solution is 
to be r^lize d. The^fundamental cpncBpts and Q^lut^on^ techniques are pre- 
sented individually^yith ample probleias to insure ^student uilderstanding. ' ^ 



Performance Guide; 



I. Introduction 
II. Unit Exponential F^inctibn 
ill. • p^ecibel Cortversipn System' 
IV. DC Meters . . • . ' 
A. " Calibration ^Errors 
^ . B. . Loading- Eff ects, V;- 
• e,. Shunts ' ' -4^- — 
« 1. ■ "Amniefer 



THEORY. 



- .D. Sensitivity 

E. Ohmmeter . 
. F. .VOM . r 
. , . V. 'Diodes ' ^ ^. ' : : 

• ' .^A. Approximations I, II, HI 

Clippers ^ ^ . 

Clampers • 
VI. ^ jk-C Detection : • 
•^'a. Half^ave V " - " ■ 
i. Low'RMS Nonrliheatity , 
C. Peak Detection "■. -'H 
-'D. Loading Effects , ^ 
. - \ . E* PrP Detected . 
. I *ViI. ' Bridges * ' , . ' 

A. Direct Curr^ent ^ ' . ^ 
1. Wheat stone 

2r. .Potentiometer 

3. Thevenin Equivalent . 

B. Alternating Current ' 

^ • • 1^ g qiityfllfj^nt! Impedances 



"Soars 
• 2 

" 6 . 

<>■ ....6. 

i6; • r 



8 



-.8.. 



v.. <. ^. 



VIII. 



2. • Series-^Farallel Conversion,. 

3. Balanced Bridges 

A. Commercial A(r Bridges 
Attenuators ' ^ ' ' 

A. L-Type ; • 

B. 'Sym6trical-T 
Cc^ 'Symetrical-PL 

D. . Bridged^ ! 

E. Cascaded Sections .* ^ 

F. M-Derived • . * 



16 
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IX. Filters - \ ^ • ^ X^i 

A. Pass \ • . . . 

> 1. flish . V . \^ " ' / • ^- ^ ' 

^ « ' , 2t Lou * r - 

^ * 3^ Band - . * * . , ^ 

, . / , B. Rejecti^on , ^ / ; 

'2.. Low ^ > ^ . ' 

^ 3. . Banir* * . ^ 



> 



L5B0RAT0K 



1. AisEjeter dalibr^tion ■ ' v .* * " 2 ^ ' ! 

/* 2.^ ,Vdl meter Calibration ' • - . i . 

^/ \3; ^eatstoae Bi;idge ' ^ ! • . * 

f\ 4; . AC Bridge ' • ; * , . « , • ' • \ . 4 . t ■ 

5. L-Attenua,tot* ' , • ' * , . . ' • * ^ * 

6. Calibtated and Iiaped!aiic6-Matched"T-Attenuator ' 6 " • ^ 
' 7. u Lot^-Pass filter I • ^ ' • . 4v • • 

8. ^High-Pjass Filter ^ . * . " 4 \^ 

^ 9. Band-Tass Filter ^ • ^ A * . ^ . \ ' ^ > " 

10. Band-Rejection Filter ' , . ' '* t : ^ ' • ' '6 

. ' ' .. • . . 40 ^ 

' i ^ - • T0;EAL HOURS , . 120 

\ t \ • ^- ^- \ . • • ; ' . . . • . . 

Task 15;^ Instsmnentation I ^ " ^ * » * - . 

, . . \^ . ' ^ , • ' ,• ♦ ■ 

■ ^ PeiTforpapce Objective ; • . , ^ ♦ * . / « » ^ • • *^ ^ 

Otvtain a votkiog ia^kovledge of an electronic process control system ixiput 
* transducers (temperature, pressure^ JEldw, volume) recording** devices, ^trip chart. 
' *recorders, indicators, alarms, output mecbanicas (servo^l' and pneumatic valves, 
.as in current industry, ii * " - 1 *^ 

-f * " * ' ' . ^ 

Criterion^ef erenced He^sure : . • , ^ , • ~ 

• ♦* . • . •% - * * 

^ . Produce a gride level of. 75 percent or highe^p^n written examinations' in 

^ * the^subjectJuaatter area. . «. ^ 
1 • . 




r / • • X 

Description : . . • • ; ' / ; 

T * ' * * • . ' » * . \ 

^ X^c^^^^tion 1 is a^ first course in tbe styd^ of x^sur^ent and cont;rol 
'"of pro.c^esses usq^ in industry* ^Included^^ a^ study o£ tt|^ theory o£ process 
^ quAt^ties tb be joeasur^ and control^^d^ such as, pressure r haat, flow, and 
"weight. .Also covered is t!^e basic behavior aaterials, ^^rgy and force ^ J 
^ • systdas.^ ^ . I * A * u I . , 



V. 

\ 




. ; . ^ i • - - C • . ..... 



Perfornance Gui<fe? 



IHEOSY ' 



!• Jnstruraent Application. ** * . 

A. The Process ^ 
B« The Types of Keasurenents 
^-^-^ The Types of liistrmnents Available 
II, ; Basic Behavior of Materials » 

* Va* Changes Due to Temperature. I 
B* Changes Due to Li§ht * 

C. Strain and Stress. 
III. Basic Principl 

; A. ^^eight, K&s, and Specific Gravity 
\ B. Hydraitlic and Pi^eusatic Principles ' 
\ C. The "D- Tub^^nonetfer *. < 

fv. Energy aiid Force systems 

A. Types of Energy ^ 

B. Laws of Levers : ' " ^ - . 
^ C. 'Eydrodyn^ics 

D. *' Tjpes of Pn^gitic and Hydraulic Amplifiers 
• -.,V. Heat and Heat*T:^ftsfer 

VI:- Electrical Circuits and Devices 

A. Potentiometers - • . 
* B. Electron Tubes ; 

C. Transistors • 
VII. ' Alternating Current Circuity - ' 

•A. Induced Voltages ^ ' . * 

B» Xransforrers - ' . • • ' 

C. Resistance i Reactan9e^* and ^pedance ^ ' * 
VIII. Pressur^Keasur&ent3^ "M^anical Transducers 

A\ force Salance-^ages'.CNo Elastic Defoniation) ; 

B. Force Balance Gages (Elastic Deformation)- 

C. Absolute Pt^ssure Gage , w ^ • - 

D. differential ^Pressure Gage 

"~ IX.^ Pressure^&asurementsT ^ectrTcal Transducers ^ 
* A- fieat-Conductioiv Gages 

B. lonization^'Type Vacdto, Gages 

G» H^chanical-Elct;trical Pressure Transducers 

D. Va'riablo-Dipacitance Gages • -r.* 
E; ^nomfiftet Transducers 

F. Torque, Balance Pressure Gages 

G. Oscillator Type Pressure- Current Transducers 
'fi. Electro-Pnexfi^^tic Transducers 

X. Liguid and Gas Flow Measurements, Mechanical Transducers. 
. A. Direct "Volume MeaSuremetits 

S* Positive Displac^ent Pupp Measurements 

C. Acceleration Type . ^ 

D. Force of Fluid Impinging on afi. Obstruction 

E. ^Speed'of Propeller fb Flow 

Vane Torque 
G* Qrif ice and^ Venturi ♦ * * 



' 75 

•84. • 



A-Crcircuit Analysis 

A* Rsviev of Pbas^ Angles^ 

B. "j" Operator 

C. Ccrapensated Attemi&toif mi Lov Fass Filter 

D. , T;tie Bode Plot 

£« High Pass Filter and Band Past Filter - 
F. Lead and Lag Netwoirks ^ ^.-^ 

*G. "Q" and Series Resonance 

H. Band Width ■ , 

I. Selectivity. 

J« Ixapedance Transfon^tion 
K« The Resonant Transfotaet 
Transient Analysis 

A. - The Square Wave 

B. The RC Circuit 

C* Norcalizing a Curve 

D. The Tine-Constant dhart 

E. Rise and Fall Tiiaes 

F. Interrelation of Transient and* Frequency 

^ Differentiating and Integratixig a Wave Fona 
Ttansfonaers 

Af Hut<ial Impedan;^ i ■ 

B* Self-Inpedan&e 

C. Driving-Point Impedance 

D. Transfer Inpedapc^e 
E» The Dot Notation* 

F. Transfonner Trapper Imped^ce » - 

Current and Voltage Relationships *l 
H. Etjliivalent Circuits 

* 1* "T^* Equivalent Circuit - 
2. Prinary-Side EquivAlent .Circuit 
, 3.^ Secondary-Side '^Eqt^valent Circuit 
Graphic Analysis o£ Vacuuia-Tube Circuits 

A. Analysis of Characteristic Cfctes _ 

B. Q-^oint Evaluation . ' '5* 

C. Plate' Di'^^pat ion • . , . 

D. Triode Parameters • * 

E. The Tetrbde ' ' 

F. The Pe^trode* , i ' ^ 

G. Bias • ■ 0 
1. Fixed Biaa • . 

. . 2. Self-Bias ' . ^ . 

^ 3. ■CbqJ>ination 

H. The. Dynanic ''Q", PoiBt ^ 

I . .The Dynamic Load W^^^ / . ^ 
J. yhe Cathode Follower ^ * \ ^ 
K\ The Grounded^^id .Amplifier 

L. The Cascqde Amplifier - ^ 



^ * LABORAJOICY 

Three Loop Circuit . 

Sine Wave -PKase. Shift . . ^ - 

The Resonant . * • ' 



8i3 



LABORATORY 



!• The Thernocouple ^ 5 

'2. The Manometer . '5 

3. 'The PnewBatic Amplifier ' * 6 

4. The Transformer " ' - 6 

5. The D-P Cell. ... g 

6. Mechanical Pressure transducer . - ~ 6 

7. ' The Venturi and the Orifice 6_ 

40 



TOTAL HOURS 120 



Task 16 : * Circuit Analysis 

Performance Objective : ' . , 

\ 

Obtain a thorough worWng knowledge of passive network analysis to include 
various solution methods such aa*.current notation, loop and nodal analysis, 
determinants, complex numbers, j -Operator, Thevenization, Nortonization, 
Millman^s Theorem and transient analysis. 

CriterionrReferenced Measure : > ^ 

*■ ♦ * * ■ 

Make a grade of 75 percent or higher on testing in the study area. Perform 

assigned experiments and produce «aA acceptable technical report to validate an 

understanding of material and solution techniques applied. 

4 / 

Description : j . , . 

The course is a study of pfassive iietwprks* and various methods o^f analysis. 
Included in the course is notation, loop and nodal merthods of analysis, 
determinants, I complex numb^ers, and RC, RL, ancf RLC circuits. Vacuum- t^be 
circuits are also analysed: ^ 



V 

Performance Guide :' ' THEORY v v ' * c . 

. 9 — . \ ' Suggested 

>c " , ^ V Hours 

I. " Notation, Voltage and Current Dividers' • \s ,12 

A. Notation . ' - ^ 

B» Voltage Dividers * . ^ - : . 

C* Current Dividers ^ 

n. Ketwrk Analysis and- Thecrrtes - ^' - 20 

A, Superposition Tfceorea ^ ^ . . 

B. Th&ve * . ^ • r " 
" C* Norton*s Theorem 

D. Millaan's Theorem • ^' 

E. Kirchoff's Vbltaga Jtaw (Loop Analysis) ' ^ , . • 

F. Determiniants ^\ , 

G. Kirchoff *s Current Law (Nodal Analysis) .* \ ^ ^ 

76 



4.. The Differentiator % , • 4 

"^wS^- The Triode Vacuxo Tube t - . 4 



20 



TOTAL HOfeS , 120 



COURSE OUTLINE 



♦•«Task 17: Industrial Electronics 



Performance Objectives ; 



SECOND YEAR - SIXTH QUARTER 



• ^^^^^ theory background to poetical application in ^industrial and 
AO process control equipment including th^ mechanical to electrical/electronic * 
' inferf.acp containing MAG-AMPS, synchros, servos, control aiapiifiers, thyra- 
trons, TRIAC's and SCR's. • . . " 

, Criterion-Referenced Measure : 

Set up each application based experiment; remove' any troubles or d^ective 
parts; obtain operational data and compile a technical report to industrial 
standards. Make a grade of 75 percfent ^or high^ for a cumulati<re written 
examination grade, - . ' =^ < 

Description : 

^ ' In^ustriki Electronics^il carries the theory to practical application in 
industrial apd process control applications. Process, mechanical to electri- 
cal interface, mag amps, synchros, servos, control systems, and sensing ^ , 
Circuits are studied. Many of the electro-mechanical devices required\y 
industry are investigated both in theory and in the laboratory. This course 
gives the student" the background of information required to understand indus- - 
trial electronic process^ control systems.* 



Perfonaance Guide : ^ - THEORY 

/ 



I. Transistor -Review 
II. Anplifiers 

A. AC-DC \ r 

B. Equivalent Circuits 
1. Theveninized 

.2. h':Parameter 
tf. jGain Formulas 
D. Modulator^- Demodulator 
E» Phase Detector ^ 
F. Difference Amplifier 



Suggested 
Hours 
10 
20 



7« 



o • Q7 • 



III. ''Electronic/ Voltneter " ^ s 

A. ^ VTVM 

'DC-AG High.Tnpedance^olCneter 
IV. Oscilloscope Fundamentals 
V. Harmonics 

VI. Harmonic Analysis Instruments 
VII. , Signal Sources 
VIII. Transducers 

IX. Control Systems ~ . \ 

X. 'Electro-Mechanical Devices 
> A. Relays 

B. Synchros 

C. Servds 



10 



6 

2 
■4 
6 
6 

12- 



80 



1. 

2- 

3. 

4. 

5. 

6. 

7. 

8. 

9. 
10. 
11. 
12. 
13. 
14. 
15. 



LABORATORY 

Applications of Null Type Instruments . ^ » 

Motors,. Converters, Inverters, Dyoaa^otors 

Synchro Transmitter and Receiver 

.Synchro Differential Transnitter .and Receiver 

Synchro Control Transmitter ; ' . 

Geared Synchrt) Systems 

Synchro Rjesolve?^^ : ^ 

B^ic Servo SysteEjs 

Representative Servom^chanism Systems 

Characteristics of a Saturable Reactor 

Application ;0*f a Saturable Reactor 

DC Shunt Motor Operation^ 

Thyratroii,Contr9l -af . the* Speed of a DC Motor ^ 
•Automatic Contix>l of Motor Speed 
Regulated Electronic Pbwer Supply 

1 • J ... -.•■^ . ■ 



2 
2 
4. 
2 
2 
2' 
■ 2 
2 
4 
4 
2 
2 
2' 
4 
4 



40 



TOTAL HOURS 



120 



Task 18: InstrumCiHiation II 



P erformance Objective : I • ■ 

Interconnect transducers, recorders ,^isontroller3, ^*d control valves for 
a meaningful, proi?esS control application. '.Ob^in a ^j^rlcing knowledge of wyre 
.advanced measureaent systems used^in current s^ndBTd industrial applications. 




Criter ion-Referenced Measure; * 

^ * ' X 

Set up assigned experiments using transducers (teaperartf e, flow, level) 
controllers. Both indicating and registering with recorders, servo systeas, 
both pneumatic and electronic, producing a stable nliiinal control systea. 



79 



ERIC 



8^ 



Show' dynamip and st^ic system operation, coUect system data, and write a 
technical report- to 'industgr. standards. Make a grade of 75 percent or • 
higher- on related theory testing* ■ ^ ' . ^ 

.' ■• ^ , • { 

Description : ^ * 

tlnstrinnfent^tion II is a second course in -the study of dieasureaent and 
control ofnprpsesses used in industry. Included iti this course are flow 
ta^surement with .elect^iqal transducers, measurement methods for such 
quantities as liquid-ievfel^ tempetaljj^e, viscosity specif ic gravity and 
ph, and indicating and recording equttment. ^ ' . ' 

Perform ance Guide : THEORY ^ ^ , 
; — - Suggested 

' ^ ' . ' . Hours 

I. . Flow Measurements, Electrical Transducers 4 ^ 

_ A. .Ma gnetic Flowmeter S* ^. 

. B. Turbine-Type Flowmeter . f ^ . 

C. Str^n Gage Flow Transducers ' ' - ' 

•D. Variable Area Meters ^ ' . 

E. Mass Flowmeters • ' * 

^ . F. Differential Transformers Transducers . • ^ • ' 

G. >Ieasjiring Flow of J)ry Materials . • * « 

II. Liquid Level Measurements , . f ' 

A. Positiop Measurement ^ « 

B. Volume Determiftation - * ^ . . 
€♦ Weight Determination 

• Jy. Gage Glass / . 
E. Pressure XJage' ^ ^ - 

?/ Purge or Bubbler System \ • " • 

G- Manometer Range Tube and Counterpoise 

E* Float Systems ' : ^ ^ . - • " ^ 

I. Capacitance Level Gagitig 
III. Temperature Measurements, Mechanical Transducers . ^ 8 

A. Nonelectrical Methods * ■ • • 
V.^ 1. Ch^ge in Volixme of Liquid ^ • 

2. * Change in Pressure of Gas 

3. Change in Vapo^ Pressure ^\ 

4. Change in Dimensions of Solid 

B. Electrical Methods ' \ 
V ' 1. Thermocouples^ . - - 

2s -Change ±m Resistance / , ^ 

3. Color Comparison ' . ^* • ^ * 

4. Temperature Measurement by Ascertaining the Energy 

■ ^ ' \ Received by Ra^di^atiOn , ' ' 

^ IV*.* .Temperature Measurements, Electrical Transducers , 8, 
' ^ ' the IReslstance Thermometer * • \ 

B. ^The Capacitance Bridge. * , * 

C. Thermocouple / * . . 

D. Radiation' and Optical Pyrometfy • ^ x 



VI. 



'VII. 



vnr. 



IX. 



'X.. 



Potentioaetric Devices 

A. Automatic Totentiooeters 

B. Electronic Potentio«6tert 

C. Oscillator Type Electronic Potent iooeters 
Indicating and H^gi^teriag/BqulpBent 
A^ Recordixvg Devices 

1. Circular Chart In8tri.menta> ' 
2,. Strip Chart 
3. ^ Pneumatic Strip ^harts^ 

B. " Scanning Logging Sv^tems * ' 
HuEoidity Measur^iaen|S'^^^^ 
A. Psychrometers \ ' . 
p. Hygrometers / • 

C. vD^w. /Point Determination 

D. Detemination of Moisture Content Fabrics [and HA^eria^Q 

E. Continuous V&ter Vapor Recorder 
Spe6*iric Gravity and Viscqsity Mea§uTjcaeiil 

A. Specific Gravity Measureaemts * • 

B. Vi&cosity Measurements 
pH "Measuremeats 
A', .yeaning, qf pH : 

'-How ttf Measure 

C. Principles of the pH Meter -* * 
Servo Systenis . • < 

>.A. Sfriit Pliase Meter • 
B. AC Amplifier . 
C* DC Mptors 

D. iSC Amplifier' 
E^;. Closed Loop Systems * 




8 

8 
8 



80 



LABORATORY 



1. The Fl9wiieter / *" 

2. The Level Detector ? 

3. The' Thermocouple . 
4,1 ' The ?oteHtiomg,teT 

O*. . The Strip' Recorder , 

-6. "The Hygronetar 

7. . The pH Meter 

8. ^ The ServG . System 



• I 



5 

5 

5. 

5 

5* 

5 



AO 



Ta^k-" 19i Fortran * 



TOTAL HOURS 



12D 



Perfoitaairce Objective : 

, Obtain ^a working knowj^dge to. a user level in *tbj)scientifrc/ technician 
computer laAuafge Fortran- IV. B^ able to use manufacturer supplied sof ttrard 



t 



to exercise system for f^u^t analysis. Be aible to use the Fortran language, 
to^olve electronics problems as required in industty* 

enter ipn-Re£ereihced Measure : 

Successfully complete all. assigned programs and supply. a computer print- 
out of the program, input data, and solutions. Make a grade of 75 percent 
..on- objecti^re'^thec^ry examinations. ^ ' * . 



Description ; " ^ . ^ . — 

^ Fortran (Formul^Translation) , an engineering and technician scientific 
language that closely resecibles mathe matics, is the industry accepted -standard 
for trot^leshooting and software diagnostic routines. This problem driented 
language provides scientists, engineers, and technicians with a computer 
comcjunications mediuin that is more familiar, .easier to^ leafm, and^ejasier to' 
use than systems based (Cobal) or machine base (Assembly) languages. This 
<!ourse places effiphasis oh program planning. Fundamental program techbi^es 
such as loopihg, flow charting. /compu ted entry-exdUt are carefully explai ned. ^ 

JVppllcations related to all phases of the students course of eiectronit -^udy* 
are usei to reinforce program study. All of the basic Fortran" IV instruction 
s^t elements. are studied with application on an operating ^s'tem in the form,. 

—of de^isignated program laboratory assignmentsr-macli^qe operating experience 
•.is an integral -part of the total course %nd therefor^ is not .list^ as a 
sub-section. ' • " 



Performance Guide :* THEORY - , 

■ , ' , " * Suggest^' 
, ♦ " ^ ' Hours 

i;* Introduction 

II, . Cpding Forja . . ' , . : ^ . 

A. How the Columns are Used . * * / 

,1. FORTRAN Statements % " - 
.1.- 2. Statement Numbers w * ' . 

3* •Program Identification, Sequencing * « . 

" 4. Comments^ ^ r * ' 

: . 5. Blank ♦ . ' ^ ) 

III. Constants , Varlablee, and Arrays ; s ^ - 



Ar • Constants • f 

^(^Qstan 



1. Integer C()6stants ^ ■ ■ ^ 

*'2, Real Constants 
Variables 
1. Variable Nknies 
■2. Variable Types 
3. Subscripted Variables 
G. Arrays and Subscripts 
> . • W Arrangement of Arrays in Storage 
^ 2. , Subscript ?orms ^ 



/ 



ERIC ' 



82 

91 



Arithmetic Expressions 

A*. DefinitioiL^ , • . - • 

B. The Aritfuaetic Operation Symbols 

C. Compu tat iojoal Modes, Integer and' Real \ 

D. The Mode bf an Expression 

1. Integer and Real Mode JSxpressions 
2* Mixed Expressions 

E. Use of Parentheses 

. F. Order of Operations ' ^ 

Statements /.^^ ^ 
A. Arith9ie:t^.'c Stktements » •'""^'^ 
S. Control Statements 

• 1. Uhconditional GO-^TO Statement 

• ' 2. Ccnnputed GO TO Statement 
. 3. IF Statement 

4.. DO statement • 
' 5. CONTINUE Statement " * 

' 6. PAUSE statejeKt: 

7, STOE Statement 

8. END Statement ^\ ^ 

- 9/ CALL Statement 

10 Special CALL Statement 

• . 11.^ '^lachine and Program, Indicator Tests 
C« Input/Output Statements 

1. Non-Disk I/O Statements' , 

2. Disk I/O Statements , ; 

3. 'Unformatted 1^0 Statements . 
A*. Indexing I/O Statements^ 

5. Manipulative I/O Statements 

6. Logical Unit Numbers'' • 

7. FOR>IAT Statement 

-D. Specif icatibn.'Statements * ^ 

1. Type Statements (real, integer) 
^2. 'EXTERNAL Statement • 

... ^3. J^fMENSm' Statement ^ :* 

A. C0Myi)I4- StatdkTent . * * 

5. . Equivalence Statement 
. -"'6. DATA Statement ^ 
> 1.^ .IJEFINE-FILE Statement 

• *E. 5^b-Pro^am St^temeot - ^ ' 

;>;!. Su^-Progr^ Names"" 

2. Functions ' r ^ 

3.. SUBROUTINE .^.ub-Program ■ ^. 

- A. END and RETURN Statements in SuVProg?:am 
v5. SubrProgram&.-Writttfn in ^sembl^t ,i;toguag 



COURSE OUTLINE ' 
•SE£XJNIKYEAR - SEVENTH QUARTER, 



Xa^ 20 ; Switching: Circuitc ? » • 

- - ■ ' ." - • 

Performance Objective :. - • 

^Obtain a thorough workitig knowledge of current logic modules and 
fabrication techniques. Be able to locate troubles, on-^ logic block level 
^and find the discrete part f^aiflure. ^nderstind the d^igti procedure fand 
limitations in 1^2±csconstruction. 




Criterion-Referenced Measure ; 

Build each logic circuit, locatfe any problems, exercise the circuit, 4nd^ 
the design criteria (voltage aad tenierature vaf iation> to determine satis-./ 
factory operation. Write a technic/l report on each unit to industry^ standards. 
Make a grade leve?'^^>^5 percjent^oci higher on theory and-d'e^ifen procedure 
testing.. 



Bes crip t Ion t 

A c;lear, cojicise, deta*£Led 
to the student ; Each of the bas 
*both design and maintenance stam 
and experiments upon actual circi 
Algebra . and Kama\igh' mapping -tei 
duced. , : 



)lanation of digital c^uitry is presented 
logic building blocks are studied from j 
, points, with -amgle laboratory construction 
litry to reinforce- understanding. Boolean' 
iniques for logic simplification are intro- 



The course is based oit i\ 
knowledge of transistot ciTCu^ 



assump'tion th'^t thS siudenr- has a reasonable 
fry. Transistor I and II ar^'pre-requisites. 



Performance Guide: 



THEORY . 




Pul^se Waveforms 
il. Circuity Theorto Re/iew 
A^*'^Thevenin*s 

B. Norton* s theorem 

C. Superposition 

D. Minoan^s Theorem ; 

E. Loop and Nodal Analysis 
lit}. RC Networks 

- ' A.*- kC Tiine Constants ♦ 
B. Integrators-Differentiators 
G;'' DC Restoration 



Suggested 
Hours . 
1 

s 16 



12- 



84 



IV.' 



V. 




RL Networks^*.^ ^ * ' *- 
A^^ Inductive 'Energy. . , _ 
B. " L/R Time Constants 
C« Pulse Transformers 
The' P-N Junction Diode * 

A. 'Clippers ^ 

B. Clampers 
The, Junction Transistor 

Fundamentals 

B. Equivalent Circuits 

C. Switching Characteristics 
Switching Amplifier Circuits 
Logic Circuits 

A. Logic Circuits 

1. vAKD • . / 

2. OR^' ' ^ 

3. Inverter 

4. NAl® 

5. NOR 

^trorage-FJip Flop 
table. • " 

2. .,^ionos table 

S.v-'Bistabl^ 



•B. 

/ 



1. 

2. 

3. 
'.4.. 
'5. 
.6. 

7. 

8. 

9. 
10. 
11. 
12. 
13. 
14. 
15. 
16. 
17. 




. LABORATORY 



OR Jnverter Logic - 3010 
Solving Logl6al Equations 
The Flip-rPiop - 
Binary -Number. System i o 
-Computer* Codes 

Computer Arithmetic Operations 
Th(l Steered FliprFlop • • ^ 
Shift Register and Memory* Transfer 
Binary Codes ^ - 

Serial Synamic Memory 
Parallel Rdndpiq Access Memory 
Serial Adder 

Gray Code Conversion / * 
Digital to Analog Converter 
Analog ta Digital Converter 
Digital /Voltmeter 
A^rithmeeic Unit 3010 ^ 



TOTAL HOURS 



ERIC 



4^, 
■94' 




Task 21 ; Communj-catiQiis I \ 

Performance Objective ; 

■ Apply basic circuit design theory and tuning 'practices to transmit, 
recelverss amplitude modulation, frequency modulation and anteraias as' neces. 
to properly align these devices,. Know the equipment limitations and regulato 
"agency criteria, all-gn and certify that the equipment meets these rules. 

Crit&rion-^Ref ere nced Measure : 

— T ^ • J I 

Cot^Rletely align an amplitMde-inodulated transmitter and stperhetfrodyne 

receiver,* a narrow-band VHF frequency-modulated public seifvice' radib/^^stem to 
.include transmitter, receiver, with private line, and infortoation muJ^iplexing 

Studenr is required to a^ply for the Federal Communications Commission^ird 
Xlass Radio-Television License. 

Description : 

This course introduces the student to basic commijnicationB theory .and 
, measurements. The material covered includes basic theory^ transmitters, 
'teceivers, amplitude modulation, frequency modulation, and antennas. The^ 
course meets all the .requit^ents and procedures -necessary to obtain a second 
and third class Radio Telephone, Federal Communications Commis^on^License^.i^ 
Pre-requisites are Direct Current and Alternairing Current* 



P erfbnuance Guide : ^ THEORY ^ ^ » 

=F ; ^ - Suggeste 

^ * ~ * Hours 

^ I^- ' Basic Theory - \ ^ . ■ . . ^ - ' 

* ^ A. Current, Voltage, -gesiscance ; , * ^ 

B. IHrect Current* Circuits - \ ' ^ • 

C. Magnetism . 

Alternating Current ♦ *' 

E.- Iriductahce and Transft)rmers - , 
^ F. Capacitance * - \ 

G. -Alterna ting-Cur rBnt Cii*fcults * V 

\ ^. Resonance and Filters . . " - 

II • Vacuum* Tubes . - * ' 

I.II. '' Solid State Devices ' 7 " ^ 

IV^ libwer Su^^ples* ^ ^ '\ " • ' 7^ . 

V. Measurement Devices. " . ' ' ^_ 

VI > Oscillatwrs • . • . , 

vh. Amplifiers . . ^ ^ * / 

A. Audio " ' ^ 

B. Rai^io Frecjuency ^ , ' * ' * 
VI.II. Basic Tt^ansmitt^rs ' . * ^ ^ . - ^ 

IX. Amplitude Modulation ^ ' ^ ' ^ 8 

X*. frequency "Modulation ^ ♦ ^ C * . • 



1 
2 



6 
2. 



XI. 



xu; 

XIII, 



7 



Receivers 
^. Amplitude Mochilate4 

1> Supeirheterodyne 

2. TRF ^ 
B. Frequency Modulated 
Antennas * .« 
License Information 

A. 'Element 1, 2=^ 

B. Element^ 3 



6, 
20 



80 



. ' LABORATORY 

1. " Transient Response of Tank Circuits 

2. ' Self-Exciting Oscillator Circuits 

3. Basic Types of Circuits ' ^ 
A. Crystal Controlled Oscillators 

5. Radio Frequency Power Amplifiers ^ - -.-f 

6. Frequency Multipliers 

7. ' Amplitude Modulations / . 

Plate Modulation of Class Amplifiers * 

?. Single-Sideband Suppressed Carrier ^ 

lb. Class *B Modulator Related to ^^Ip Curve 

11. Frequency Modulated Receivers ^ - 

12. 'Modulatlbn Index; Deviation Ratio; and. Bandwidth 

13. * Alignment Adjustmettts of FM Receivers ■ 
lA. Reactance ;Tube Modulators . . 
.15. timiter and Detector Circuit Analysis - 
16. Discriminator-Ratio Detector Adjustment 

17 • Radio Frequency Voltage Amplifiers ^ 

18. ♦ Transmission Lines and Antennas ^ 

19. Construction of Antennas ^ 

20. Check SWR and Adiust* for Mii^imum 




2 
2 
2 
2 
2 
2 
2 
2 
2 

2* 

2 
2 
2 
2 
2 



40 



TOTAL HOURS 120 



^Microwave 



Performance Obje.c^tive : * 

Obtain the basic mathemati\:al formulations, opetating principles^, abd 
measurement pj:ocedux;es as^ applied to. radar and mifcrowave related assignments 
Be able to identify and interconnect"* the basic set of microwave hardware, 
s\ich as: Klystrons, bfagnitrons, IR, AT^, Wave Guide Components, to build 
meaningful systems • ^ * . • • 



CrlteiAon-feferenced Measure; 



. terforn a set of i^Lcrowav^ aqd related experiments, sB6.w iiroper •operation 
by data: collection and coaoile.a technical report 'industry standards! on 
each experiment/ Obtain <^,«rade level of at least 75 percent or^nore dn all" 
yritten exaninatioAS . Student^ is required "to apply for an examination f-or the 
Federal Coizaunications Commission Radar Endorsement to a second class radio 



telephone license* 



.Description: 



. A basic introductory course in theory and measurenent for tedhnicians in 
radar and 'nicrowaVe' related joBs^ is pursued in this courser A concise treatment 
0^ microvaye nust alsa contain the natheiAatical formulations vhic^Ji illust3?ate 
fundaisental principles and measurement procedures. - Particular attention to 
technician procedures, problems, -and application is given throughout the course. 
This course gives a good iase of material^ upon which to study more advanced 
microwave ^oncepts and techniques. ^* . ^ 

Performance Guide/ " TISORY • - . 

— ^ '- ^. • , • • Suggested 

I, IntroSuc^jion to Field .Theory " - ' ' , ' ^ 

.-tl\ Transmission Lin^ " * ' . '\v * 

. " ' A/ .Two Wire Line'* « " - ^ \ 

^ Traveling Waves ^ . • . . ^ * , 

C. " Ref lectfing " // ^ ' . ' ' ^ 

, , ^ 1. TTerminat^d - - - . • ; 

2. Shorted • "/ " \ / ; 

J^. Open > . . ' .V . 

^.Lines-^-^clliGrowaye frequencies ' * ' ^ 

- '•'A*- Traveling / . '• • 

^ , JB. Propagation- \ ^^"7 ^ ~ - \ 

.c. .swr";-m ' ' • / ' , \ , " . , ^ 

Da Surge' .T;;fepedance.;.. W . . 

*'iV; e^e of Sndtii. Cbart V ^/ ' > ' J . ' >2 * 

A. 'Iiapedafice-Xdnitt^tfce ' • 

^B. Matching' / "\* . ' ' . ' • 

Stub Tuner ^ ^ - ^ . ' ^ \ 

* 1. Single - " ^ - ^ 

.2. Double,- ' ^. _ , " 

V. Coaxial Transmission Lines Heasoriiig Equipaent ♦ 
'VI,. WaV6 Guides >^ / ' - * 

• A. Hodes • 1 . ^ ^ 
- B. oyitque Refleption . - ^ - 

C. C^erating'-Range^^ ^ 
* • Diiaetjslcihs " ' ^ 

, E.^ Impedance " . ' • * 

VI1»\ Wave Guide Elements and Components. • . ^ ^ 

1 A^*^ Matching,. Elements * ^ s " 

B. Shorts 

Tees * • • - 

D. ^ Shifters-Attenuators * , 
Ev' Couplers , r » ^ 

• • • t 

■ 88 

• • ■ ■ . : 97 ' ■ 



4 



i*. -'Detectors 

1. Boloneters ' • 

* ; 2. '*'Cry steals 

,Q. Joints 
H. Antermas. - 
VIII. Frequency Measxir^ement Devices 

A. Resonators! *** 

1. Transmission Line 

2. CaWty . ' 

B. Timing PJuiigexs 
\ C. Wavemeters 

D. Mode Chart , * • 
. E. Filters • " 

IX. . Activq Devices 

A, TWT ' ' , • 

B. Backwave Oscillator 
. Klystron 

D. . , Magnetron 

E. Paranetric Aaplif iers» 
X.' Keasurenent of Power *, 

A. Bcloaetric 

B. Balanced Bridge 
C Calorisaetric 



1. 



2. 

A. 

^\ 
6. 



10^ 



" LABORATORY 



Introduction and Lab Procedures 

A. ^'safety 

B. Equipiaent Handling. 
Reflex' Klystron. Characteristics 
Trequency Measurement 

Power Measurement- 

AtrCCTuation Measurement 

Smith -Chkrt. 
' A* Impedance — Admittance ; 
,B. Impedance Measurement 

C* -filters 

Bolometer Moutits 

Power Bridges »' • 

Crystal Detectors 
^Transmission .Ling^ * 

A. Mismatch Loss 

B. Maximum 5ower Transfer 



11, # Directional Couplers 



ERJC 



r: 



8S ■ 



COURSioUTLiKE^.' * 
SECO^ TEAhT- EIGHTlii CHJftfeCER ' ' ' - - > . , ^ 

' Task 23 : Digital Machine Deaign', 

: Perf onaancfe Objective : ^ r ^ • [t. • - ' • ^ ' , ' . v 

' ' ' ^ ^ V • ^ 

Be able to apply Boolean Algebra Equation Simpli^icatioa and Kamangh 
; Mapping Tedhniques to^ logic reduption of sequential state machines and ^ 
Quit is tage. logic systems 'in industrial controllers, trnjers^and CPtf and 
*ALU operation as veil as micro-processor ^prganization-and b« able to t^oubie- 
shoot thes^ systems. . ^ . ' . 

Criterion-Referenced .Measure : ' • 

Perform all .assigned laboratory experiments an<l bbtaiji cofrect logic 
opetation. ' Make a grade level of 75 percent or higher oh written examiiiatiori 

Description : , " * ' ' . 

^ . . ^ • , ' '\ 

This course investigates'advanced logic design and stabilization includijttg 
noise Immunity calculations. Boolean Algebra equation simplification and 
Karnaugh mapping of ^ sequential state madiines ii, covered as veil as n^jiltistate . 
industrial logic controller and computer CPU o^pganization^and troublesjkopt^ing 
techniques: Monolythic integrated circuit andJ^pS.f^.eld -effect trans'/^tfor 
circuitry design and repair techniques are discussed. • v .'^ , 



^ Performance Gulden » ' " OTEORY 



^ " ■ ' Sugge^ed 

. . c * . ^ ' Hours, 

i: ' Logic and Logii' Circuits ' ^ . V ' ■ 4 
• A*. lUimber -SysCeAs / * * ' * ^ ' ' 

B. Logic Syiibolbgy s . ^ ' ' ' 

^ 7 - C Advance Ec^^in'^a.g^ra ^ ' . * jV 

D. 'Logic drculTliesign ' 

E. Logic Circuits . ^ .'^ ♦ ^ * . a - 
II. Multivibrators * . ■ ^ - " * ^ V 

• a; ^ Relaxation Oscillator^ ^' • ' \ ^.<^' ^ ' 

1. Gas l^ischarge ^ * . . , • 

2. Astable < • . * * ^ ^ - . \ ' " r ' 
B. • Bistable Multivibrators • ' ? \* ' ^ 'i. y 



• ,C. Monost^b^le Multlvil>tAtbts 
• ^ ' J). Schmittt?iAgger <Jir<^^^ 
' ' Blocking Oscillat-dijf' 7' ... 

111.- Ctiunter^ . ^^ . . ".^^ v.:'- - ' ■ v ' > 

♦ A; *Bitt^ry : - » ^ * ' ' 

^1*. jjp Coun^eifs... \ ' c->^ ^ < ' : , • ^H; ♦ . " * 
2. Down Cwntfers* '\ ^ . ' ' ' 

^ .3. /Progtammable Ctfu;iterfr* ' . . ^ • ' ' . 



€» 



B. Permuted Counters' t 

Shift Register . . ' . ^ , } » ' ' 
".d/ Ring Centers, • * y' , ^ 
iv.» 'Matrices * * j'l ' ' * . - 

. * A,^ Decoding ' •* • * « . 

3. Encoding , ^ ' ' , "'^ ^ * 

V. Special Citcuits and Devices • 

A. 'Linear Operational Amplifiers " .> . 
B* iSrlse AmpUf iei;8 ^ • - ' * • ' 

1. ^Linear SlnglV Ended, * 
*^ 2. Push-Pull ... 

*C. Differential Anplifiers 

D. -QRT Deflection Amplifiers^ , 

E. ^ Kon-Llnear Read-Wfite Anpli/ijers . . 

F. Sawtooth Generator ^ ^ J 

G. Staircase Generator*^ * f 

H. Special Devices • 
Vi. Integrated '^Cir^uits. 

A. Manufacturing Pjpocfsses 

B. Linear 
' §witchitig and Gl 

D.*. IC Multivibrat] 
^ ' MSI and LSI ^ 

. -F. MOS integrated" Circuity ^ 



LABORATORY 



1. - Advatxced Digiac* 3010 Experiments , 
<^ ' ^A. Use of Input Dial \ ^. 

"B^ • dptput D^isplay ' « * / ; . 
»• 2'. \Octal W^^eclmal Counter' Using Display 
3^ pqunters and' liners %>sin^ Visplay 
4* *Atit6aatic D;Lgit^l/An^J,dg^€6nverters 
' 5. ''ArlthDetic Operation l^i^ig Digiac 3010 Display 
\ Introduction -to, the DlglAce^^OSO J 
^ ' A. Controls , . " • 

B. ^ Add and Transfer ^ \ • • / 

C. .^ProblerT Solution ? ' 

> ' .Machine Prtfgranming . . . 

A. ?roble;a i\na lysis C \ 
^B» ,?low S^rts ' 1 • 

. ^ 8. ^iode Gatejd*^ Logic Cif culti' r ^ . 

^ O.. B> OR GatV 
C."^^/Iavert.et 
• D. G^t-e? , 

_ « £. ^ m Gat^ ' 

- Direct -Cquj^S^^rflosisto^ l*>ii<i 
. A. NAKB-ClijflfjLt ' 
. B. KOR" tircltit ' ' 



10, FUp-Flop an^ Clock ♦ . * 
Ol^ Lanp Drivers and Power, SuppJ^y - . , . ^ * 2 
12. Arithmetic Dblt ' ' ' 6 

A. Renters * , - 

B. Counters ^ ^ . 

C. Adders ^ • * ^ 

D. Subtracters 

11. Control Unit , , • 6 
A* Synchronizatibn ^. . . . ' . 

B. Instniction Register ' 
* C. Sequejice Counter 
D, Phase Sequencer . , ^ . 

1^, Troubleshooting the Digiac 3050 * ' * ' * 20 

80. 



TOTAL HOURS J.20 
Task 2A ; Comunications II * ^ • , 

Ferforaance Objective t , - • ^ - 

Cfbtain a workingf knowledge of installation, maintenance, and, operatioii of 
/commercial broadcast/ transmitting and receiving equipment. Be able to apply 
a.ll regulatory rules and regiilatiens for both 'technician- and equipment. 



Criterion-Referenced Measure; 



Make aggrade level of 75 percent^.or higher <5h theory and license eyamina- 
cions. Perform the assigned laboratory experiments, obtain- data prwlng 
correct operation and write a technical jreport on each^ Student, ^.s required ^ 
to apply for the 'Communications ^Commission Second Class RadiQ-Telephone . 
License. * ^. ^ ' . v 



Descript-ion ; , . 

^ . Material covered in this course gives the student a background in instal- • 
lation, maintenance, and oper^tioa of commercial broadcast transmitting and 
receiving equipment. Broadcast eiigineering level electronic procei^res, ^ 
communications electro;iics, and industrial electronips that emj)hasi2e communi- 
cations theory ar$ covered. The course cove;rs all regulations and theo^ 
necessary to obtain a First Class Radic^-Telephon^ Federal Cocsmnicatlons 
Cooadssion License. Pre-requiaite ia Communicationa I. . * ' 

Per formance Guid'e : " ^ THEORY . * * ' 

: ) :* -Suggested 

, ' . I ' ^/ - 1 V Hours 

!• Advanced Theory / ^ . * . { ^^^•^ 

A . LCK^Cir cuits /. - . * ' * 

, , 1. Filters , . 

2. Resonance • - ' ; v ^ • 

, 3. Matching Networks * - 



II. 



III. 

IV. 



• VI. ' 



VII, 



vtii. 

xV 
. XI- 

yXti, ; 



5. Tubes V 

1 . Oper^ t ing i^eory 

2. Special TVpe.s 
Solid State Devicl^. 

Dv\Coiiiplex CircuitisO 

•'A. DC to DC ^ 
5. High Power AC to DC 
Measurement Device 
Oscillators 

A. Type^ • 

B. llaiarfenan^e" " 
Anpl^fiers 

A, _Aud4.o Frequency 

B, . '"^Sacia FrecJUency'* 
,"?ransi2itt6ts 

A. A.*. *' 
S. ' FM 

c. T.v. 

Ante^yias 

A/ Types ' , 
4v*/t^aia ; 

C, " Fieia StjTength^^ 
Frequency. Me^urersent! . , 
Satfeeries 

Motor Genez;ator ^Sets ^ 
Bt oadp^s t --S£a t ions . 

, Television* * 

• License . Inf onaation 

A. S-econd Class' Revised 

B. Eleneht 4 ' 




3': 

5- 
6; 
7. 
. 8- 

•10.* 

11. 

12. 
13. 

W^ 
15. 



Transient Response of Tank Circui-ts" ' 
\ SeJ,f-Exciting Oscillator *• * ' 
Basic Types- of Circuits • ' \^ * > 

\ Crystal-'Controil^d Oscillators ■ \.y'. 
iladio Frequency Power :^Anplifi^p ' ^ .;, ' .•** 
• ' ^requ&nc^- Mulcipliets' ; . 7 . 

'-Amplitude >IoduiatJLons V\ r " ^ . 

' *^late McRlnlation of Cl^gs 'Asapliflers / i--^ * 
Single-Sideband Suppressed, (^artier ' ' \, 
Glfiiss B 'Mpdulafor-T Related to;€8*^Ip ^fve .\* ;V 
Frequency 'Modulated Recelvejc^ ^-7 ^# 
- Modul^tjfon Inilex^ Deviatloh^^Rat^^oV and Bd)acfVidth 
A3Ligtjsi^t Adjustrre^its of iHitccdLyer^. ^ *\ . 

Reactance 'Tube Modulators " * ' , 

Linlter and Detector Cfrclilt 'AaaJ.yslSs . 
* . Dlscrlsdiiatbt andA^r Ratt& 'l)&t^cth>r Adjuiatiaent-*** 



Sonaance Objectives "V 



Ta, exercise the'nanipulktive skills in the dteign^ ^tSd c^jnstruction pr^- ' 

^ices area\ Apply ahdjJ cotistruc«ibn.*'ted^<lues in ^ectxonic circuit an^^^ ' ^ . 

machine designs* \ • ^ * ** . ' ^ " ; : * * , 

Criterioa-^ef erenced Me^ure ; \ ^ ' i- '^.'-^^ ^ ^ 

Build a working construction pro:lect^to current industry standarts witli 
accompanying institutional laaniWl and schematic diagrai^* , ' ^ - 



ERIC 



Description : • — ^ 

This is , a labpratory tqjirse designed to'exercis^e the technical achieve-^ 
~menV of , the seti<ient in the area-of construction practice ai^ skill. AH previous^ 

elftctronics knowledge will required to st^ccessfiilly-- complete thi^ ^oursfe. ^ 

Eaph student is .interviewed, an area of student intfere6t is determined/ and ^ ... 

an individual project -is assigned for (original consrtrudtion 6V reconstructiciiiy. 

Emphisis is placed on quality of.work^both hardware .and* reports, as well a§ ^ \ . / 
, practices and safety rfifluirements are^foUowed clpsely.^ \ ' . v^- 

• Perforaanae <hilde : * ' — IJ^BQSATOte ^ ' . ^ ^ 
. , Suggested 

. ' . \ • * • s . ; * : ; Hours 

1. Project Definition ' • • ' ' * ^ ^ — , 

A. Research . \ • , - . ^ - 

B. Report-Evaluation . , ^ * • . . • 

II.- Prototype ■ ; y ' ' ' .<>^V^ ^ • • 

H^ndwired Gfltfstruction . ; *^ ' • ^ , i • - \ ') " ' 

B, Debugging ^ - ' ' . \ , \, ' ^^r^ V ^ 

<:. Redesigned - , - " ? >n-^. ^4 

III.^ Fli^l Production • " - • * • / ^U..^*,. • 



Printed" Circuit Drawing^ 
b; PC' Construction - v ^- 



1^ Photo Work ' % \ / ' 

2. ; Drilling ,and Sizing . . ' . ; ^ 



C. Parts Insertion 

D. Final Test 

■ ^ 1. V Evaluation 
2, Redesigff.^ 



103 « - ^ _ ' . A\ r y 



4- ' • • • 



\ 



"frrfS^ct Report * 
-A*, Proof of Operational *Perf6rpance 
Project Manual.,* 
* 1. Specifications. 
. OperaVitigrlnstructions ^ 
3» Schematics 
4'., Parts Placement^ 
5. Parts List * 
- 6i Cost of Project 



TOTAL HOURS 



1 



95../ 



ENGIl?EERIiffi ^ECHNOLOG* 



\ Associate J)esree/^pgt^ 



Introduction 



)l A «aWng gap has developed between ptie f unctions'tif the ixt^iX'^ educated 
vprofe^Wonal engineer (or scientist) and the* highlv[«illi^ craftiratan. / As . ; 
ovx technological. development increases, the gap^„ij^^jpiforii^ ixi^/ 



r 
* ^ 



jcr easing. The engineering technician is pl§yiiig a <wtaliy impor t^jC'^fole in 



ientifiy . 



bridging the coimiunications^ gap between t^e two. Jhis pre, - . 

the engineeting.Jt:echn^ci^> explain the i>re?ieni: and i^tentia^. ne^- for th^^ 
occupati<>ns, , describfi the prep^rator5^, programs nee4ed, for't^is occupational 
cltister of jobs^ '^d present programs "£hat ate typical, fox., thia tdjad of educa- 



t^bn. 



^ Ih^ American Society for Engineering Education (ASEE) assigi;is ^he folloVi^g 

' r ♦ ■ . " " ■ ' ' • . ^ ' ' ! • 

def initiqn ^to e9gineetinK-.t4cQnologyj - , \ * \ r -,, % - 

^ • ' • " " ^ ' ' ' , ' V' ■ * " 

\ Engineerings Technology is that payt.of tl^e eng^eei^ing fiejd \ 

.V ^ ' vbich^teqult.es the appllc^ion'ofrscieatlfic and eYigi^ieeriig ' ^ 

" , knowiedget ind! methods dbtablnetl wlt^ te . / 

* .pibrt^of engineer!^ ac^vities; 'it; ll^s--ln.i:he occu^tional • ^ 

■ . area betweeh/th^?ci;if t^i^^^^fcl^ 

the^are>" clps^est ^ the en^itfe?^^ / * » ' , 

At this po^t It woul^ >e exp^ient. to\14^^nti^ e^i^ineering 

team» They are: » " 



Technical ii^batger 
.-Scientist 
■\. •En^:ineer V-^* ' 
* ; Technician 
^ ''C7:aftsman * ^ ^ 



Notice that -the technician occupi^ the job clust^^ar«2a"be^een^ engineer;' 
( and Ae craftsman. , '^^^^ ^ ^ ' * * • . , 

Technicians 'kre dTiVided gtoeraliyiinto two <^tegorics:^^..cngineering . 
technlxd^n and industrial techn^iciAfi^ The main difference •bfetwelea these jSwo 
^ categories lies, in their educational, orientation; 7He ii^diiatxiAl .technician 
has an educational backigro^ind that snakes hlalnore of. a job-orieptey petson» 



and^kt is usually of narrower scope than the e4ucati^dual background! of the 
engineering tyechnician. The industrial, techni^iy will probably hsv€ *&ad 
courses in machine shop» air conditioning, television, or diesel engine xnain*- 
tenance or repair. The engineering technician is usually a field'-oriented 

person with an education of a broad.er scope'^than the industrial techixician. 

* ' r 

, » » ^ ' " — - 

Be wllj. haVe^some. breadth in chemical, elec5;tica:l> mechanical or construction 

technology. The education and training pf the fenglneeriiig teclAiician enables 

• t/ ■ * • ; : 

hih to work more closely with the engineer. But both are able to relate to 

-i;he engineer and the skilled craftsman. :^ . 

. J " * ^ • 

r The needs; for techniciaps^ in industry are almost unlimited. The ideal. 

" ^ » ■ *^*^ " " 

situation with Tegard to manpower distribution is ten skilled craftsmen, five 

. . '.c . : - - 

.Industrial techniciatis and three etigineering ^technicians for every, scientist 
and engineer. But such ia not th*e c^e. In 1960 ^the National Science Founda- 



"tion reported that 600,000 were employed in^ industry, which meant that "tl^ere 
1'Wete seven technicians employed to every tfen engineers.. This falls terribly 
^>bel^\h^ desix^i^Tdfilo.. .In order to'^supply the'needed 3,^1 ratio, ttie;,ii(ational 
Tdience EQundaWloa stated that nearly six million technician^ wou3^ be needed. 
An American Sojiiety for Engineering Education survjey in 1965 ^qws the ratio 
to be muc&**lower thatir-ttfer-National Science Touli<lation figures — 42 tfechnicians . 



tON-eyery 100 ai^^ji'eers. In '1971 the Bt^reau of Labcnf Statistics Stated that tiic* 
\,r^'ti^ cj^t^i^hnici^nV ta. scientists and engiiieers is* projected to Be 6^ techni- 

* V- ^ * r ' 

icianS*to every- 100 scientists and engineers through'^1960- ..AltJhoug^l these , 
^ifierent surveys^'raay dif^^^on the exact f igdres for describJ^*the shoftfege 
.probL^m,,tiiey\air condur that th^e is a tremendjo^s shortage of nfee^^d techni- 
cians..- jhus, tlJe employoe»jt\ppportunities f or ^ proper ly^^educated and t^ihecl 



ii^chniijlans are tifeaendcfijs; ' »^ ^ 

The .ec^idet^c preparation fo^ the student desiring to enter a^p6^t- , fu'^* 
/ - ^ . • V * " 

secondary progr^ for technician- education is vety similar to at^fc student . 




\"lae£ry woulk»al'so place the siudent'at *ka adyaixt;flge ^ut is not mandatory • The 
^elements of lalgebra^Jrigonom^try and c^Vulua are .taugh'f\in. technical, 
^ . 4^sociate^'&egr:ee progr^s,.. This math, however, is taught from ani applications '» • 
viewpoj^-. and 'not from, the viewpoint ^ proving mathematical theories and.^a»s, 
fThe student^ is tauglil how to apply- his' mathematical knowledge tahis techhic|[r* 
specxalty.) This covets the academic preparatipn for the aspiring technician, 
fcut *the pain' quality he should, possess is an overwhelming curiosity" a^but how * 
things work.*. He is really "turned on"^ by the why of observed .phenomena, be it^. 

^feUecttcifial, mechanical or pneumatic. Mechanical aptiBS^e and /the ability to *^ 

. s . - * ^ - » • . ' >^ ^ ' ^ ' ^ * / ^^ • ' 

. * ♦ . . 1^- ^ _ S • ^ * jf 

^visualize .things^, Cand manual ^e:;terity) are 'also desirable traits. .Stjrdents ^ 

who possess these traits, coupled with a desire to learn (be it in a theoretifial 

^ ' •' • ' /' \ * " I 

-lecture or" a practj^cal labor,ato);3f situation) , can pr<*ably overcome ^nx.deficien^*^^ 



.cies that 



may., ex^l^st in his previous /academic preparation and go on to become an . ^ . * 
lent^techniciah. ' ^ ' / '« 

^^Ei^ -The "Engineer's Council £or Prof essional^Bevelopment, .which is' the Recognized 
--^^^ '-^ ; - ' . . — ' • ■ — xx:^^ ^.^"^^ . ' ' 



; accrediting agency for technical. institute curricula, has established t|ift • 
following guide 'fo^^ curricula^ ^baseii on an average ot 71, Semester hours fojr » 
completion: • * ; ^ • . • * - - 



technical Specialty' ' • \ . 35 hours. 19.02 » ' 1. 

^Mathematics . . . .V : . .9' hours. / 12,8Z ^ * - • * 

.\ .Science : ^ . 9 hours" , •12»8Z . * *' 

^ ' AiixiHiary Technica^l. Courses ' » T 7 hours*: 9.9X-^ " 

X' '\ : GenefSX' EduQation . • . ^, . ^ ai houts i5.5% " * - ' ' . ^ 



" \^ . Engineering technology . curricula, are post-secondary ^and are coip^gc-lfevel 

. ' prdgrams/ The extent of .the mathematics in , the ci^rictilum determines* th^levcJL* / , , 



•Vo • t. . . • • ^ > 98- • • . ^ ^ ^ 



10«7 



»1 



. of, .the 



program. :^Engitiee«tis Council for Professioruil^DaveWpijijBnt-acciredit^ 



, ,;.schoo,ls cQvet coile^^iev6l algeSra and trigonometry, 'diffejrtBntial and integral 



' , palculus Jitia toucliW jelemeAts of differeatf?! equations and other aspects of 

*c\ \' -? f^'^ \ • * ' . , \ ■ ^ - 

» hf^er mathem^tlcp^ '".Th^ sciences .covered in, the^ curriculum are physics* 

jry and some of th^ engineering sciences\ Xheynqn^technical. courses 




%n thfer curriculiipl^^re technical wiiting,, social scieafte, speech and 



'J^industrial orientat;loh«^ . j 



^ ..^ ^TKia introduction has gJLven the general idea and definitions of the engineer- 

^ * ing; technic iari* In sukmi^ry, students who d^^-^ot havfe an interest or aptitudj^. for. 
Ll]pe compxehensive theory anti adj^anced mathematics of" the pro'fess^onally-'oriented ^ 
programs In engineering and science, a o^^eeif^s an engineering teclinician can 
. richly rewai'ding. They wor^ as aides and , assistants to engineers, aa. well as 
r. ..sup^rvi^e- Other technicians and Craftsmeq* .their Iducatibnai experience, is ^ 
' - .different fropi that of the eiigirieer iSi^ that the* teclmician'^s educatioilal back- * 

giound 'is aoi;e toward practical appiicatioi^ as opposed to theoyfetical innovation. 
/. » The educational program is pdst-secondary,* usually;, two" years itf .length, and- \ 

* » ' * ^. * ^ ' * 

awards the degree o€ Associate of Science upon successful completion* 





r 




V 



Perfonaance 0.b1ecti,ve : 



^ * • The ^earner will be given certain design parameters, along with a desired 
respons^'. that applies ta^a particulat circuit or system contained in. any of 
£he unit topics described^ ln^the performance guide. Using these parameters, 
'^he learner will»then design ^'and -fabricate a circuit or system that yields the 
desired response in a laboratory situation, • ' , 

In addition to the design and -fabrication experience, the learner will be 
given a faulty circuit or system and its associated symptoms. The learner will 
then diagnose, troubleshoot and correct these faults, thereby restoring the 
circuit ©r system to proper operating condition. 

Criterion-ReLf erenced' Measure : 

- ■ . • ' k 

- At thei completion of the .task, the learner will be t;ested^ to ascertain 

his achievement *level , with the 80 percent level being considered as successful^^ 
This Willie 4 written exam lasting two hours. 



Per f ormanc e Guide; 



THEORY 



C. 




a^d Semiconductors 



II, 



Basic Electrical Theory 
A, Atoalc Structure 

Conductors , Insulato: 
Static Chargefe; 

1. Attraction ^pfl Repulsion of Charges 

2. Electrost^^c Fields^ 
Units of ELercrrical Measurements 

1. Coulodb 

2, ^Ampere 

3 -Volt 

A , <Qhm 

Basic Circuit Analysis 



Suggested 
Hours 
3 



A. 



•C. 



D, 



Electrical Resistance 

Color Code 
2, Types, and Uses of ^Resistors. 
Ohm's 'Law 
.1, Current 

2 , Vol\age ^ 

3, Resistance 
A . Conductance 
Resistive Niytwork$ 

1, Series cWcuits 

2 , Parallel . Occults* \ 

. 3. Series-Parallel Circuits V 
Power 

1* Formulas % 
.2. Applications to Resistive Circtd-t 




\ 



ERIC 







E. DC Sources 
- 1*. Batteries 

2* Generators and Other Sources 
Network Theoreas t 

A. - Kirchoff 's Laws 

B. Thevenin's and' Norton's Theorens 
£^ Stiperposition Theoreo 
D. Delta-^Vyye Transfomation 
£• Maximum Power Transfer 

F. Ideal Voltage and Current Sources 
Electroaagnetisn, Inductance and Capacitance. 

A. - Permanent and Electromagnets ^ . 

1. Docnain Theory 

2. 'Magnetic Fields 

3. Hysteresis y 

B. Principles of Inductance y 

1. Basic Definition and Len^s Law 

2. Voltage-Current RelatioMhip' 

3. RL Time Constant and, Equations / J 

4. Series and Parallel Inductance 

5. Types and Measurement of Inductance' 

C. Capacitance 

1. Basic Definition and Coulomb ^-s Law 

2. Voltage-Current Relationships 

3. RC Time Constant and Equations 

4. Series and Parallel Capacitance 

5. Types and Measurement of Capacitsmce 
Sinusoidal Waveforms 

A. The Sine Wave 

1. Generation 

2. Induced Electromotive Force (jskp) 

B. Sinusoidal Amplitude Displacement 

1. Inst ant eneous Value - 

2. Peak Value 

3. Peak-to-Pea^ Value 

4. .RMS Value* ^ ' ' 

C. Sinusoidal! Time I)tispla<:^ent 

1. ' Frequei\cy 

2. Period 

3* Phase RAlat'lonships 
RLC Networks 



6' X 



\ 9 ' 



C. 
D. 



Inductive Reactance 
acitive Reactance 
and j -^Operators 



1. 
2. 
3. 
4. 
5. 



RL Series aiid Parallel Circuits 
RC Series and Parallel Cixwixe 
RLC SBTies^ aMvParallel citcuits' 
Conductan\5</ Susteptance and Admittance. 
Impedance NebfQ^k\jheoreas 





J.01 ^ 




VII* Resonant Circuits ' ' ^ . 

A. Series Resonance 

1. Circuit Q * 
: 2. Resonant Rise of Voltage 

3. Selectivity ^ 

B. Parallel Resonance 

C. Filter Networks ' - • ' ^ 

D. Haximm Power Transfer 

VIII. Tranfefomers • . - ^ ^ ^ 

A. Transfonaer Basics - 

\1. Transformer Action and Ratios 
2. Inpedance Transfomation ^ 
3. Open and Shprt Circuit Tests 

B. Types of transf oraers *, , * . ^ . 

1. Auto Transfonners 

2. Au^io and 'Power Tra^isfomers 

3. Tuned Transfomers , * - * " 

' <rOTAL . 48 

LABORATORY \ 

Suggested 
^ "Hours 



4 



1. * Resistor^ Color Code, Tolerance and Oho's Law 

2. Series Circuits and Kirchoff 's Law , ' * • 

3. - Parallel Circuits and Kirchoff<^s Law ^ ' * ^* ' r\ 

4. Series-Parallel Circuits * %' ^-^ 
*5. Maxinijin Pow^r Transfer ' ^ ' 

6. Siiperposition, Thevenin's and Norton's Thedren*' 

7. ElectrcxnagnetisTn and Inductance Chfrapteti$tics 

8. RL Tine xCons tan ts ' . ' , . 

9. Electrostatics and Capacitance Characteristics . ^ 
10^ RC Tiiae Constants " j - , 

11. AC Voltage and fhase Angle Measu^eq^nt with OscUloscope 

12. Series and Parallel RC Impedance 

13. Series and Parallel RL Impedance ^ , * * - 
14* Series Atid Parallel Complex Impedanx;e ' ' - ' ^ ' ^ " ' < • 

15. ^ 'Series and ParallW Resonance . * 2 

16. Transformer Chatadteri^t:^s * - • ^ 




4 
2 

^2^ 



Task 2 : Electronic Principles I ... ^ ■ 

Perfonaaace Objective ; . ^ f . * • - . 

The learner will be givea certain design -parmaeters, along vith a desired 
response, that applies to a particular circuit or system contained in any of , 
the^u^iit topics described in the performance guiHe. 'Using these parameters, 
the learner will then design and fabricate a. circuit or syst^ that yield? 
the desired response ia^ a laboratory situation. \ - ^ " • 

In addition to the design and rabrication expeisdence, ti;E Xeamer*will 
be given -a faulty circuit or system and its associated symptoms. The leamej ' 
will then diagnose, troubleshoot and correct these faults, thereby restoring 
the circuit or system to proper operating, condition. • ' . 

Criterion-Referenced Measure ; ^ ' • 

At the completion of the task, the leader will 6e tested to ascertain* 
his achievement leVel, with- 80 percent level ^feing considered as successful. . 
'This will bo a written 'exam!lksting tvo 'hours* ^ , ' * , . ; • 



Performance Guide: ^ THEORY 



Suggested 
Hours 
3 



I, Semicon3,uctor Physics. ' ' * ' 

^ A,. Classification Matfer 

B. , Coiiductbrs, Semiconductors, and Insulators ^ / . ' ' 

C. Covalfent 'Bonding in Semiconductors *^ . > " 
Doping Techniques in Semi<;ondu.ctor8 ' • , - ^ • . ^ 
Temperatnre^ Effects on Se^Jiiconductors . ' ' ' 

IX.- Semiconductor Diodes * • . - - ' . • * * ' 6 , 

A. VDepletion Rdg'ion and Contact PQtentlalt- ... ^ . 
. / , B, XForsskrd and ^vetse ^ias" ^ ' ' '"'^ ' , ' ' ' ^ 

* • biod^- Characteristics ' / ^ • 

. Zener Diodes Characteristics \': ^ • * > ^ 

E"^ Zener ReguiatoTs and 'Applications ' ' \ ' * . • 

IIJ. BJiT pra^:^^ter£stfcV and B^^ \ : \ ' . - -•.12 .' 

' tC\ r -ftTT Structure and Operation*^,^ • t*. ^ ^ ' • 

B. BJT Static Qharacteristick ant- thermal Stability ' * 

C. The Cosawh BQl|ter Conf igurat;ion ' . ' ' ' - • ^ ' \ ' ' 

D. The' doamoD'TBase Conf igura^foii " * . ^ ^ ' - 

E. Ther Common Collector Cqnf ig^iration*<Eaitter Fcliower) • 

F. BJT Specifications' and^Wiitg;^ ^ . 

lY. ^ JF'ET.CharactCTistics ilc^ Biasing T^bhniqu^ * 9 ^. 

' A. JFET Characteristics and Parameters . • • " * . 
B, biasing .the JfET , % : ' i _ ' '.-^ 

\^ X* They€oaaoiif. Source Configuration ' «^ y ^ 

D. The Common Gate Configuratioti ^ . . ^ . > < 

. The Common Drain Con£igut^tion ^SoutcV^dlldwfer)" ' f ' 
^- F.^ MQSFET Cftiracterfstics ktd Parameters " 

'Biasing the WSFET - * • * , . - . 



r ^ * • 



V, Va<;uu3Ttlbe Characteristics / ' % , / ' . " 
» A. Vacuum Tube Construction Charec^erlstiicfi^ 
- - B*^ Vacuum tube Diod^^' Para»etexrs,and Applicatiots, 
, C/ • Vacuum Tube Triodes, Parameter s. and Appli^cp^tixms - 
D. * Vacuum lube Pentodes /Paramciper^ and AiJ|rilcations' 
VI». * UJfT's and Thyristors * ^ 
1^ A. UJt' Characteristics ^d Parameters 

B. DJT' Circuit Operatixjn - > . 

C. €CR and TRIAf Characteristics and Parameters 
*; * D. SCR and TRIAC Circuit Operation. 

VII. 0ptoele6tw)nic8 , ^ > • 

A. - The Nature of Light ^ ' . 

B, Photoconductive and' Photovoltaiic Cells 
. • C. Photodiodes and Photo transistors ^ 

D. LED*8> Optocouplers and Optoisolators ' • 



1,' Semiconductor Diode Characteristics and Applications 

* 2. Zener Diode Characteristics and Applicatictas 

3. BJT Characteristics ' » - ^ . ^ ^ 

U. BJT Biasing Conf iguratictos and Thermal Characteristics — 
'5. ' BJT C6aracteristic Curves and Graphical AnSjjLysis ' , 

6. JFET Characjterist^Lcs * ^ 
.JFET Biasing* Characteristics 

8. MOSFEt Characteristics . • • . / 

9. Vacuum Diode Characteristics and Applications 

10. Vacuum Triode Characteristics and Applicatioi^ 

11. tJJX Characteristics and Applications ' 

12. ^yristor Charactefist'icsi Prid Applications 

13. Photovoltait Cell Characteristics aijd Applications 

14. LED ahd Phototransistor Characteristics and Applications 
13. Optocoupler Charactei^istics and Applications ^ 



TOTAL- 



46 



3 
3 

3 , 
3 
3 
••3 
3 
3 
3 
i 
3 



t 
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la^k 3 ; Electronic Principles II \ ♦ * ' 

• . . • X 

Perfonaance Objective :- ^ \ , * 

. " * • Sy *\ . • ' . 

.The ledmer will be giVen certain design paramet^s along .with a desired 
respon^e^ that applies tp a particular circuit on systec contained in any of ^ 
the unit topics described in the peffoppance guide. ISsing these paVaiaeter§, 
the learixer will t^en design- and fabricate a circu;>.t or , system that yields 
the "desir^ response in a laboratory situation. ^ '\ " ^ 

' . y • ' * 

In additic^ to' the design and fabrication experifenc^e, fhe^earner wLll 
be given a faulty c^cuit or systeia snd ^its associa£eCT^^symptQas.•/ The learner 
will *thea diagnose^ troubleshoof , and correct tlwe faults, thefeby restoriog 
t.he circuit , or ajsten to proper operating condition^ 



triteridn-Referencecf Hg^sure : * \ 

At the completion of tie task, the l^rtier will be'tes^fed t<a ascertain 
his. achievement level with the 80 percent LcVel being consid^fed as successful* 
Thia yillrbe a written exam iasting'^wo hours, ^ . 



Performance Guid^ : THEOftY 



* * ^ . Suggested 

' V 1 ^ ' Hours 

I.' Rectifiers and Filters. • * . ^, - j.-' 6.' 

* A. Rectification Principles ^ ^ - 

. B. fialf-Vave RectfiHeatioh . - ' 

C* FulrirWave Ilectif^'ationv , ' \ ^ '* . 

*' D. \ Filtering Techniques . ' * 

E. Simple Regulator Circuits" . " - ^ 

!!• ^^sic^Anplifier PrinJ^lples , ' * . ^ / * \ 9 ^ 

3lifief Input ahd Output Ports - ^^.^ ^ ^ 

Icatioc B^ice-And Hybx-ld i*araoeters ' ' , 

"St^gV'k55:;A3^1ifier < ' 

^Ingle-Stege FET Alaplif ler i - 
.£.. frequency Respop^e An^yjsis , \ • ' • 

III, Practical /aspUfiec Considerations . . 

A. ^nput and Output Impedance 
. ' Real and Apparent G^in 

^ C* Amplifier Loading , 
D . j[tapedaac]B£^HStching - ^ ^ 
5. <!:4scadedi^^apiifier^ 
IV. , FeedbacJt Prlllciples . • • ; * ^ * • 9 • 

\ A. General Feedback Jtonc^ts • ' * . • • * 

B. Voltage Feedback Aia^fiers . / ^ ' 

C. Current Feedback Anplifier« ^ 

Dr Eeedback and Frequency Response ' *j ^ ' 

' ' ' E* SeVics -and Shunt Feedback' Aaplifiers ' • * • 

f/ Feedback ana Distortion . . * ' v. 

V. Power Amplifiers • ; * ^6 

. A* Classification of *^ Power Alz^Jlif iers , '^^ ' ' ' 

B, Series-Fed Class A Anplifder^ . , \ '- ^ ' • • . 



c. 

D. 
E. 
F. 

G. 



Powfer-ConsideratioVis . ^ ^ ♦ - 

Computation of^ ^^rcionic -Bistortion . ^ 

Tra^isforme^-Coupled SisL^le-Euded Class A Amplifiers 
Transformer-Coupled Push-Pull Amplifiers 
Complimentary- Symmetry Amplifiers 
VI.', Differential and Qpetattarpal Amplifiers ^ 
A. Emitter Follower 

•B. Differential 'Amplifiers ^ ^ 

C. Integrated Circuit DIFF AMPS 

D. Operational Amplifiers , (OP-AMPS) _ 
^ E. InVe'rting and Non- Inverting OP-AMPS 

F. Additional Q?-AM5 Circuits 



OTAL 



■5s 



LABORATORY 



1. Reotification and Filtering Character-istics 

2. Zener Diode aad Series-Pass Regulators 
34 BJT hybrid Parameter^ 

4. - BJT Amplifier Characteristics 

5. JFET Amplifier Characteristics 

6. Amplifier Frequency Resp'onse and Bode Plota-. 

7. ' Amplifier Input ^nd Output Impedance 

* S.^' Ati^y.fier Loading and I^peHance- Matching 

^. Casicade Amplifier Characteristics 

10. , Feedback Characteristics * " 

11. " Voltage and Cun;ent Feedback * * ' 

12. .Series *and Shunt Feedback 

13. Class A Power Amplifiers 
lA.. Class AB Power. Amplifiers 

15. < Differential Amplifier CharatXeristics 

' 16. Basic OP-nAMP Co^f igurations k 



3 
3 

3 
3 
3 

■ '3 

.3 
" 5 
3 
3 

; 3 
3 
3 

.3. 
. 3 

■ 3 



J 



ER?C. 



» > 
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Task 4 : PUlse and Switching Circuits - * , . 

Perf^braance Objective ; ^ • " .* ' ^ . • 

... ' ^ 5- . 

The learner will be given certain design ^aremeters, alo;ig wiph a ^esirg^ « 
response, that applies to a part;icular circuit system^ contained in any of 
the unit topics d^cribed £d the perfopaance guide. Uslig these parameters, 
the learner will then design and fabricate a. circuit or. system* that yiel4s 
the desired response in a laboratory situation- 

In addition ^o *the design and fabrication experience, the learner 'will 
be gi^en a faulty 'circuit or system and its associated symptoms. The learrier . 
will then dtagndse, troubleshobt and correct, these" faults^' thereby restoring 
the circuit or system to' proper op'erating condition. ^ • • • 

Criterion-Referenced Measure > • . * z » ' ' 

At Che completion of the task, the learner will 'be tested to ascertain 
achievecient I^vel» with the 80 percent level being considered as successful. 
^This will be a written exam lasting two houtrs. ' . * - ^ ♦ 

• * / * • 

* 

Performance Guide : * THEORY * . ^ ^ ^ 

• I. Complex Waveform Analysis • \ • « -^ '6 

A, Rectafigular Piilses '» . • » ' » • 
^. • Ideal Reocangular Pulses ^ • 

2. Practical , Rectangular Pulses - ^ ' 

3. Period^^ Pulse Vavef oAs ' . • 

^ . Tr iSS^r Pulse * ' • » \ / ^ ~ . 

B. Frequency Analysis » I 
^ . ' i. R^nnonic Content 

* " . * 2. Linear Networks 

. 3. Aperiodic Wayeforms 

II|. Passive B^vice Networks . \ \ ^ \ ^' J. ^ 9* 

A. ' RC Circi;it: Basics • V ' ' . 

B. ' Jxpcjpft^ial FoTsc Applications # « 

* €7 .RC Resppase , to .Various Inputs- . ' ' ./ * * . . 
. . Ij^ Recta-ngxil^r PuIsq Input . ' 

2.^ Koti- Ideal .Ihput ^ ^ ^ !^ • 

'3/ Swee^x. XftjSb> * ' ^ • *.* . 

• -"A; ,NAt6'raL and Fgrced Response ^ \. 
' RL»Circuiti Bafics , • ' . ^ ' . < , 

•E. Exponential Form and-ApplicatipAs . ' '\ 

\ F. .RLG Series and Patra.llel Circuits ' . ' *. ; '\ 

III^- Diode Switching Circuits * , ^ * ^ ' ..6 

i fi. Basi^ Diode Char^iiteri^tics . * . . 

• .,B,. Basic Diod^,Cii;puits. . * . . - ' 

C Diode £lippef end Clamper Circuits , \ ^ ^ " _ 

T>. * D^ode Transput Characteristics . * ' 

IV.' Transistor SwitCihing Circuits . * * \^ 

A. Basic Transistor" Operation ; . . • ' . 

B. Transistor Circuit Analysl^s 

C. Basfe Transistor ^Inverter 'i * - • 
,D. ^ LoadiQi^ Effects and Transient Operation ^ 




Multivibrator Circuits 

A. ' Bistable Kultivibrat;or 

- 1. Basic Circuit Operation 

2. Tjr'iggering Techniques 

3. Applications 

B. Monostable Mult^^itrator 

1. Basic ^Circuit Operation 

* .2. Triggering Techniques 

' 3... Applications 

cr. , Astable MultivibrAor 

l.V Ba6i^ Circuit ^Operation 

2/« Applications 
, Signal generating and <:i>nipaLr^tor Circuits 
. A* Signal (ien^ratWg Circuits 
'^••/i. Sveefc' Voltage. Qenerf tor? % 
•2/'SGli<i State Swee|> Gettera4:oi:^ 

Constant Current Sweep generator .--.^ 

4. Relajaatiop Qscillator . / . 

5. Starrcase Generator ^ - 

' 'B. i:oiap4rat^r Circuits * ' it 

' 1. Schidltt Trigger" Circuit 
'2.'.* Schnitt Trigger, liTP arfii-.m 
• 3. . Dif f eVerht^l Amplifier Comparator , * • , , 
* Logic F^iljr, Comparisons . . , 

J A. . 'various Lo^c Families /* . : " \ 

'1. *RTI^ , • ' , ' . 

/ ■ -2: , QTt : • - • 

•* . ^--^ TTL , - • . . . ./ 

^ A. CMOS ^ ' , : 

^ Comparison of • Charapteristt^ca - » 

• 1. Koi'se Margin ; > 
^ 2. Fan-Iti and Fan-Out 

3. Power Dissipation. 

4. .SwitchinE^Spefe4 



LABORATORY .-.^ • ' 

^^^^ . ^' ; 
1/ RectaAgiilar Waveform Generafipn 
Z. ' Rectangular Wavefonn Characteristics 
3! K'C Circuit Response to JRectangular , 
A. rL Circuit. Response to Rfectangular Wav,e£6rm8 v 
*5. RLC'^ Circuit tResponsfe to Rectangular Waveforms 
6. Diode Clipper Circuits and Applications 
7; Mode Clamper C;lrcuita and Applications' 
'S. transistor Iijverter- Charrftfteristics ^ ^ ' 
9'. ' Transistor Invert ez^^oading Effects . - ' 

10. Biat:able fect^brator Circuits and AppliMtions 

11. Monostable Multivibrator Circuits .and^Appllcati^^ji 
12 1 .Astable Mtiltivibrator Circuits and AjSplicatlons 
13.*^ Constant Cui:rent Sweep Generator 

14* Relaxation Oscillator 
15. TheAschmltt Trigged- / - 



16. Character is tips 'ot^.^tti 
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Taj3k Digital grinciples 




Perf otaance ,Objebrlve s 

, -Hie Icarxxer vill.be given certain design paramet^i^s along with a desit^d 
response ^t hat applies to 'a particular circuit or sy8t;eia contained, in any /of 
the unit topics described in the perfor m ance guide* Using these parameters, 
the learner wili thin design and -fahricate a circuit or ^system tha*t yields . . * 
zHe desired response in a "laboratory situation. 

In addition to the design and fabrication i^^^ence, the learnet will 
be given a faulty circuit or system and its associated symptoms. The 'learner* 
will then diagnose^- troubleshoot, and correct these faults, thereby restoring' 
the circuit or system tq propet opetating condition. * 



Ctiterjpn-Rigferenced Measure :- 



At the completion t>f the task:;~^h& learner vilL be tested .to ascertain 
his achievement level Jwtth the 80 percent level being considered succesrful. 
This- will be a written exam lasting two hours. 



Perf armanc6 "Guide: 



THEORY 
DIGITAL PRINCIPLES 



I. Number Systems' • ^ . ^ ^ 

A. Introduction to Ntmber S^rsten;^ 
1. Decimal *and Binary Systems 
. * 2».^ Binary Counting 

J 3., OctairSystems . ^ 
" B. AcithmeMc Processes 

li Binary Ad^ltiqn> Subtraction, Multiplication and Division 
.-2» , Ottal Additipn> Subtraction, Multiplication and Division 
3j. ' Biinary^, 'Octal and Deciihal Conversion 
•'i 4. Negative Number le<^niques 
*V5. Numbet/j-Complements 
^ ' - ^6, "BCD Number Representation^ 
II. ' - Boolean Algebra' and ^^ductJion Techntques* 

^Al Boolean Algebra Basics ^\ t ' ,^ • 

/ ' 1. AND, OR. an^ iNVER^.TanctiCffis* ^. . ' . ' 
^ /. 1. Basic'^^^olea^^ Laws ^^'^^ . ' - 

3.* DeMprgan's TheorSfs 
3, fevaluation of* Lo5ital»*Expre$sions 
'1. Proof Perfect Indu^ion 
2^ .Boolean Algebra Redutit^n 
5. s'um-ofsrProducts Techniques* ^ - 
* 4*^ Product-of-* Suns'* Techniques* - 
.5. Karnaugh Mapp'ing Reduction ^ * * ' 
C. LnplemeAtation of L6gic Functl<Jn^^ 

1, Application of D^Morgan's Iheoiem to Gatlngx Ne 
•2. Interpreting. L'bglc D^agranjd 
•3. Implementing Logic Eicpr ess-ions 



Suggested 
Hours 

.6 




( 



III. Counters and Registers 

* A. Fl±p--Flops ... 

1. RS Flip-Flop 

2. RST Flip-Flop 

6. Type D Flip-Flop 

4. JK Flip-Flop 
E. Counter Circuits 

1. Asynchronous Binary and BCD Counters 

* 2. Synchronous Binary and BCD Counters 

3. Down Counters 

U, Up-Down Counters 

5. Shift Counters 
C. Register Circuits 

^ ^ l! Parallel Registers — 

; . - 2.. Shift Registers 
^ '3/ Lef t-R5ght Shift Registers . 

• 4. Recirculating Shift Registers 
Vi^ Encoders, ^Decoders and Code Converters 

A. Encoding 

B. Decoding ^ 

1. BCD-to-Decimal Decoders 

2. ^Hexadecimal Decodjers 

3. Seven-Segment Decoders 

C. Code Converters 

D* Multiplexers, Gating, and Data Stc^eting 
V. Tinging Techniques 
A. Clock Cycles 
B* Multiphase Clock Pulses • 

C. Timing in Electronic Calculators 

D. Clock Cycle Modification 
' E. Sequencing Operation's 

VI. Arithmetic Logic Techniques 

A. Halt and Full Adders 

B. Half and Full Subtracters 

C. SeKtil and Parallel Adders 

D. Logic Decisions 

E. BCD Adders and Subtracters ^ ^ 
Vliv Memory Systems 

A. Magnetic Core Memories 

B. Bipolar Memories ' " 

1. Bipolar RAM • , ^ 

2. Bipolar ROM 

C. MOS Memo^es 

"l. MOS ^RAM • • • . * 

2. MOS ROM 

D. .ROM -Applications, 

1. Code Converters 

2. Character Generatf 

3. Look-Up Tables 
A * 4» Micro-Programm^ 




,ERJC ; 



1 



116 

119 ' 



. / 



LABORATORY 



'Basic Logic Functions , 

Boolean Aljgfebra and Simplification of Logic Expressions 
DeHdrgan's Theorems 
Basic Flip-Flop Circii^try r 
Bitfipy Counters: Asynchronous and Synchronous 
Divide-by-N Counters: Asynchronous and'' Synchronous 
Decoders and Indicator Systems < • 

Shift Registers and Ring Counter 
Frequency Counter Design P.roject * J 
^Exclusive OR Gate ' . ' 

Adders and Subtracters ^ 
A.L.Ut Techniques and Applications ' ^ 
Semiconductor .Memory Systems 

^emp^' 'System *Hesigi;i Praject* : • . , ' ' *. 
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Task 6:' Communication Systems I 



Pefrformanbe Objettive ; ' , , * 

.The learner will be given certain design parametei;s, a^ong with a desired , 
response, that applies to a particular .circuit or system c6ntained in aAj. 6f ^ * 
the unit topics described in the performance guide. /^Using. these parameters, 
the leariaer will ^hen design and fabricate a circuit- or syfiteOi that yields 
the desired respojose in a labpratory situation. 

In*addltion'.t6 the design and fabrication expet'ienc9^ the learner- will be 
given ^ f aulty circuit or system and its associated* syciptoms. The leatn^ 
will then diagnose, troubleshoot , -and correct these faults, thereby restoring 
the circuit or system to prope'r operating condltion*- 

Criterion-Ref erenceii^ Measure : , • * 

' ^ ^' JJ ^. ^ " . . 

I At the' completafon of -the task, phe learner will t;gS'ted^to ascertain 
bis achievement' level with the 80 Recent level being considered successful. 
This^will be a writtetf exam lasting two hours.- ^ ^ 

' ' ' • ' . ' \ , 

Performance Guide ; ' THEORY 

T 4 ' ' ' - ! Suggested 

. - ' " . '** * ^ Hours 

I. 'Review of Resonant Circuits • o - 

-A. -Series-Tuned Circuits * ' . * 

' 1. Q-Rise in Voltage ' ^ ' * • 

' > 2.-- Freqtiency Effects ^ • . 

.'3. ".Circuit Resistance Effects 

• A. Sharpness of Resonance ^ . ^ " 

> B^. .Xank^Ci)y:uit,s ... . * <> * ^ 

^ 1. ■ .Resonant Relations 

' - 2. . Parallel Circuit Impedance . * 
^ * ^ 1^ 'Circulating Currertf \ ^% . 

, Frequfe^cy and Series Resistance effects 

5. Gain apd Ban4width 
11^ GiiTcuit Oouf(lin^ • , ^ 
. " , A. Types of Coupling * • ' 

R€ Coupling 

tmpejiance and TraAsformex' Coupling / 
' 3/ 'Direct Couplifig 
^ . B. ^ Filter Circuits . * . 

1. 'l;ow^Pass Filters > 
^ , 2.' High-Pass Filters 
3. Band-Pass Filters 
A. , 3and-Reject Filters , . * " 
5* L and Pi-Typfe Filters 
C., Impedance Matching 
> 1. Direct-Coupled Matching 
.2. Indue tive-CouJ) led Loads 
3.- ' Pi Network "ImpedaWre Matching 




A. 



C, 



"RF 
A. 



'A, 



VQlt^a^e Amplifiers ' . , 

. .Ijapj^dance-Cdupled "tE Ajapiif iears 

1, 'qain and Bandwidth 

2, Kulti-S£age Response ^ind Stagger, TOnitig 
'3. Shielding ^ . ' ^ 

Single-Tuned, Transfotmet-CQupled Amps 

1. Gain - \ , 

2. ^Bandwidth f 

DoMbife-Tuned, Trapsformer-Coupled Amps 

li -Gain ./ , • 

2,. Bandwidth ' * * 

High Frequenpy Circuits 

1.; -Ground ed-Gr id Amplifier sli 

2^ Cathode-^oi;ple4 Amplifiers 

3*. * Cascade Amplifiers . ^ ^ 

• Tran^sistor RF Anps *^ 

1, 'Coupling Methods 

2, ^ iteutv^lizatjon . x 
Powen Amplifiers " * 

^ Class C ^plif iers ^ * 

• 1. Voltage iind Cdrrient Relationships" 

2. Definition' of- Terms 

3. .Grid Bia& Circuits 

4. Tank Circaip Considerations . 

5. .Coupling Methods * * , * ' 
Neutralization ^ ^ , 

' 1, Neutralizing" Circuit3 ^ 
2: Neutralizing Technicjiies 
3-. PaAsitic OscHlations ' 

• 4, ' T-uning Adjustment - 

5. -Frequency Multipliers ^ ' ' ^ 
. Clas§ B Linear Amplifiers 

Tran^sistor and RF Power Amplifier^ 
' !• Bias Voltages 

2, ..Neutralization 

.3, iTjrpical Circiiits 

,4. Varac tor Multipliers ' * / 

Oscillators , 

Oscillation Principles 

Basic Oscillator Circuits' 



/ 



1. 
2. 

3-. 
4.' 
5\ 
6. 
7. 



Armstrong Oscillator 
Hartley Os.cillatpr, 
Colpitts Oscriilator 
Ultra-audion Oscillator 



A 



Clas« Oscillator , ' - . 
TPTG Oscillatot 
Grid-Leak Bias 

Shunt-Fed and Series-Fed Circuits 
' Crystal .Oscillators , 
ly/crystal Cuta^ 
yt. Temperature^ ET^pcts 
^ ''Electrical Characteristics^ 
4. Typical Circuits 



113 

122 



\ 




\ 




A. " Principfe>^ Amplitude Modulation 
. . 1. Effects 

^ 3. ^Frequency Ccciponents 

4. Vector Distributioa^-and 
' Power Distfibution in the AM Wave 

B. , Plate Modulation 
'l. "S^sic Principles 

2. Heisls2 Modulator 

3. TypicalHajte Modulation Circuits 

C. ^ Other Modulatorfelr^uits v ^ • " 
* 1, Grid Bias Modulation ^ " ' 

' 2. Cathode Modulation 

D. Amplitude Demodulation '• I 

1. Oemocfulation Principles ^ ; 

2. Diode* Detectors 1 

3. Additional AM Detectors j / 

E. AM Receivers ! . 

1. Receiver Comparison Factors^ 

2. TRF Receivers [ - . k 

3. Super hetlerodyne Receivers 

A.\ Receiver Alignment Techniques , ^ 

VII. Frequency Modulation Principles • . . 

A. FM Basics 

' 1. Modulatia^ Level , . 

2 2. IM WaveforiJ^ Components * ^ 

• 3. FM Waveform; Power Relations , - , 

4. FM BanSwidth Requirements 

.-5.. Indirect FM Via Phase Shifting , ; 

le. Interference Suppression . , . ^ j 

ja Reception . . - ' • 

1. Tuner Classifications ^ . ' , - ' 

2., ^RF Amplifiers ^ . * 

3» frequency Conversion ' 
4i Additional Receiver Circuits 

C. FK Alignment Techniques , 
11 Steady Frequency IF Alignment ' , 
2 Sweep Frequency IF Alignment 
3! Ratio Detector and Discriminator Alignment 
4. Front tod Alignment ^ 

D. FM Transmitters 
1 Direct FM Transmitters - 
2: Frequency Modulation Via Phase Modulation 

3. Armstj:oM?M System • , . ^.t ^ - ^ / " 

4. BalanceStlodulators ^ 

. ; ' LABORATORY 



48 



3 



I.. Parallel and Series-Resonant Circuits _ ^ 

' 2. ' Low-Pass and Higb-Pass L"^^ Pfl«»^« < • 3 

' 3: Cocsaon fiaitter Tuned RF -afflitier , ^ 

; 4*, ' Cot^aoQ Base Tuned RF Aapllf icr . _ \ 3 

5. LC Cocoon Bas§^ Oscillator ^ ' J . 

^ 'llA . ^ 

12-3 ■ - 



\ 



'V 



6. Class C RF Po^^er Amplifier 

. 7. Linear RF Ppwer Amplifier 

a» Cocmon Emitter RF Kixer • 

9. Cocnaon Ekaitter IF Ajaplif ier 

10. ^ AiE^litude 'Modulation Characteristics 

11. AM Diode De^ector^ 

12. FrequeAcy Modulation Characteristics 

13. Direct FH rtodo-l^ation 

lA. Indirect FM (Phase Shift) Modulation 

15. Single Sideband' Techniques 

16. ftultif>lexing Techniques 



V 



115 

124, 



sk 1i ' Coon^uni^af ion Systems II 



.^erformaoce Ofejecgive: 



The learner wid> be given cer Wia ^ae^ign '^iriaaeteis al5mg with a desfred ^ . . .. 
response ^hat applies to a'^rt lobular ^circuit or sysffe^' f ontai^ed. iti agj of * 
t}ie unit topics de^ribed in the performance gui4|^ ^^^'^ these parameters, 
tlie learner will then de§igii>tid fabrica^^a circuit ^-fir system that ^ 7'^ 
' ' • the desi'^ed response laxioratory- 'situation. - *- 

. . ;[a. addition to the.4eBiga and .^.^Ication ^prjrience, th^ lean»%r trill* ^ ; 
• * be given a 'faulty circuit or s^steS and ""its Msocidt^^ symptoms . The learner, 

, will then d^^nose, troubie^ot, and correct^t;hesp^.fau^^s;- ^e^ebj r^^twrlhg' ""^'^ 
( tKb circuit or. systcirc^<?^oper opera*i6^ <:oh^ • . 

* W ' ' ^ ' - V ^ - . 



Griterion=^^feYeilced He^sure ; 



* • • At tSfe'c^pletion p^ rthfe task,, tfa^ learijer T;;riai t^e t^sted^Co V€cert;a'i3?'\ ^ V 
{lis achievement^ lex^ei with t^e.^8 jj*fcent ieyel being, considered successful". 
,Tbi& Kill be A*vrijcten.'e3can*lasting two houjrs. , _ r. > ' - 

• v. ■ 



Performance ^ide^ 



IPEORY ' . , 



rf^'^^I. ^^Triansmission I4^es j ..vr^ ^ 
^ A* Basic Prl^-iciplesj '^.-"^^ "^A-^ , 



' ^..'^.-SjigsfeAed 
Hours'* 



- ■ Standing Wavias •* - . ■ " * • -W-,'. " . ' 

^ • - 5. Quartet and paXf-W^elength Lines^ ^- " " ^> 

• ,8- -^Sairt "Chart i ' - ^ \ ■ ^ ■ * ^.H V '.V.--..^, 



palf. 

. ,8. >Smirt^ChaTt 

.•^ » . 1 . E^indamen^al^ 
» * ^V-^i f^rf>Iem "Solution \ V 
G'/.-^-Cotoponentsv.'^' ^ , i 
^.■C' Double itsjS • 'j:- 

2\ Directional Couplers 
V * > V 3 • 5kiuns -^V v ^ • . ^ ^^ll^^* " r^l 

II. Rad^iti^ and Wave Propagation; 
^ 'A;:f.EIecfrppagtretic Ra^iati^ . 
^1. : 'undanentalft* • "^.^ v 

2* Effects of the Environment 
b; Proptgat^iJitt^ df'^v^ , 



.1 . - \^ ^ 



1 



round Vaves 
2> Sfesf^^a^es 
- 3,. _ Space <?^jea * ^ 
r^iT^V Troposphferic Statter • "\ 

^ "5. * Extr^wrnr^c^tarfai Cosaunications^ 
« \ - . ^ If, * , " • 



'4* 
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*5asic Considerations 
, ;Rj^4iatign^Kechaniesa. '* ^ 
**2- E^ecietrtaiy !>oublet 
B. .Wire Radiators . 

^^I's -^iiirrttit'-atld Voltage Distr dbutloag ^ 

• 2. aes6napc Antennas 
3^.. Konreson^nt ' Ant-<?tfna^- ' ^ * ' 

"^cV TetSft ai^.Defljiicions 

1. " Gain - ' ' ' 
• --^'2;; vRestscaiice.^. • 

3. feandvid'th/ BeaEwidth,« and' Polarization 
Effects* j^f Gtpqnd'pn Antennas 
* " ^ l/ -UngtoXinded- Atiteaspa v-r . . • • . .* 
^« Grounded Antennas 
-'"^'5*^ Sff^ctpx^ Anjtenna Hei^ht_ - ... 
E, Antenna Coupling at Medi^ '^Frequencies 
/'IV Selec^iop'of Feed Poi^t * 

* "2. Couplers 'i ' • 
F» -rOipec;tional •High--Frequency Antannas 

.1. Dipble^'Arr^y^'^ . 
. ,2- FoWed Dipole . ' ' * * 

G. Hlcrowave Aii^tennas -^-^ . 
!• . Antennas with Parabolic Reflect<}ra* 
2.., ^ fiorti Aiit.ennas , . I ' 
3; ^ Lens '^hte&nas , ' ' « / 

H. Wideband and Speciai Purpose Antennas 
1* I'ol^ed Diijole ^ - 

2. Heliial ~ .V: \ \\ - 

3. Disco^ie . ' * " ' • ^' 

. 4. , Log-JJeripdic ; , r ^ * 

5- • 15op * _ . ^' • , . 

Waveguides, Resonators » and Components • • ^ 
-A; ..Rectangular ^i&veguldes 
^ 1. ' Inflection oY'WaveS fi;t?a a <?otidicting Plane - 
j* 2. The Parallel-Plane Waveguide ' - 

*- 3. Rectangular "Wlyeguides^ ^ \ * * ' 

-'B. Circular and Ot-fter^VSiveguides ^'^^ 

1.^ Circular Waveguides 
^ , 2. , o'tiher 'Types of -Way^ui^es , 
C": -'WavegJii^^Gcfeplitrgy/Matdi^ and Atteiiuati2>!i 
i. Metliods Df Exciting Wdvegulde3&' • * ' , 

• 2; »«r«syeguidc. Jointj? ^ . ^ ' ^ * 
. 3. \,^sk»c Accessorises ' i 

A\« Kiiltiple Junctions ^ j • 

5., Jdpedan^^e latching andv^niii^., -^^^ • -| 
d/ Cavity .ReS(^tws ^ - * ^ * • ^ 

Aipiiliary Coaponents ~ f 

* • isolator's and Circulators 

• % 3-^ Hix*iT8, Detectors^ and Detector Mountif^" 



Miciiowave Tubes* and Circuits • . ^ 

A. .iiicrovave Triodes > . 

1. High-^Frequency Limitations of Vacuum Tubers 

2. ' UHF Triodes and Circuits \ 

B. ^ Multicavity Klystron I . * 

C. Reflex Klystron 

D. Cf&Vity Magnetron . . * .« 
^E'. Trav^ii^g-Wave Tube -(Tvrf) 
Seniconductor Microwave DevjiceB * 

A. Traiasi^tors ^ % . - . /• . 

1. - High-Fraquejicy Lir^ltations 

2. UHE and Microwave. TranslB'tdrs 

B. Varactors aitd Multiplier^ 

1, Varactor Diodes { ' 

2. Varactor Multipliers 
C*> Parametric Aap-Ii:fiers 

Tunnel Diodes 

1. Oscillators 

2. Amplifiers " ^ , 

E. Bulk Effects 

1. Gunn Effect and Diodes 

2. LSA Mode and piodes 

F/ Other , Microwave "Diodes *i 

1, LMPATT- Diodes , * ' / 

2. ' PIK Diodes ' , 

G» Stimulated-Emission Devices 
.1. Maser 

2. Lasex ^ / • ' - 

Mlcrow^e ileasurements 

A. Measijpament of Powfer and Attenuatiorx 

1, Low Powers 

2. Medium and^ High Powers 

• 3. Attenuation-' { 

. Frequency and Wavelength Measurements 

1, Frequency 

2. Wavelength 

C* Measurement of Impedance and Hatching 

1. SWR ^ ' 

' 2. Impedance . / ' 

^p. Reflectionary ind Sweep Techniques 

• U^.^Reflectiorr Coefficient and Setum Xoss 

2, Ref Jeat^^meter Sveep Tetttniques* 

• 3r ^Tine-BomaiS^Reflectboetry % 
Measureaent Component Chai^^ifecLstics 

1. '.F^'<xi"te -CiJtaponenta , ^ ' 
* '2;V Direct ion. Cpuplersv / ^ 

,3. ' Antenna Measurements • ^. , 
^. Measurement oi Q «^ Pbawe Shift 
Rada:r ^s^ahs ' • ; . ^ ' 

p,. Basic Principles . • \ \ 

B. Palsed Systetas ' ^ ^ * ' 7 
' 1,*^. Basic Tulsed', Radar Systea \ 

2. AntennAs pxvi Scannitxg • I* . 

3. Display ffethods , * 

. ' Pulsed Radaif ^steps. ' • . 

V. ^5. Moving T^get Ind%ations (MTI) ' 
6. Radar Bacons ■ , # 
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C. CW Systems \ 
J.. Doppler Radar 
2. Frequency-Modulated CW Radar 



tOTAL 



1AB9RAT0RY 



1. Trartsnisslon Line Characteristics ' 

2. TMnsnission^Line SWR Measurements 

3. Reflfex Klystron Characteristics 

4. Smith Chart Applications 

5. . Microwave Power Measurement 

•6. ^'ctovave Frequency Measurements 

7. Microwaves ii^.Tree Space > 

8. ' Basic Antenna Characteristics^ 

9. • Yagi Antenna Characteristics ^ 
10. LPDA Antfenn^ Characteristic^' 

'11. RF "Propagation Characteristics 

12. US Frequendy^,SpeQtnna, Allocations 
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Task 8; Industrial Electroni.es 



VerSomstice Oblective: 

The learner will be given certain design paraiaeters along with a desired 
response tha^t applies to a particular circuit or system contained in .any of ^ 
the unit topics described in the perfonaance guide. Using these paraoeters,* 
the learner will then design and fabricate a circuit or system that yields, 
tKe desired response in a laboratory sit\iatibn. < 

In" addition to the design and fabrication ^erience, the learner will 
be given a faulty ciAcuit or system and its associated symptcxas. The learner 
will then diagnose, troubleshoot and correct these faults, thereby restoring 
the circuit or systen to proper operating condition. ^ 



Ctiterion-Referenced Measure : 

At the completion of the task, the learner -will be tested to. ascertain 
his achievenent level'with the 80 percent level being considered successful. 
This will be a written exan lasting two hours; 

* ir 

% 

* ' • 

Performance Guide : ' THEORY 

' ^ • ^ Suggested 

* ' Hours 

I. DC Power Supplies ^ ^ 

A. Rectification Circuits 

• .1, Single Phase Half-Wave Rectification 

2, Single Phase Fixll-Wave Rectification 

3, Three Phase Rectification 

4, ^Six Phase Star Rectifier . - 

B. Filtering and Regulation . ' * . , 

1. Basic Filtering Systems 

2. Regulation Principles * • 

3. Protection Circuitry 
II. PNPN Control Circuits 

• A, SCR Circuits ' 

1. Blocking and Triggering 
^ 2. TurtK)n and Turn-Off of SCR*s 

3. Power Control ^plications 
^, Protection Circuits 

B, TRIAC Circuits 
ir Blocking and Triggering 

2. Turn-On, and Turn-off * 

3. Power Control Applications 

4. Protection Circuits 

C. Triggering Circuits for Thyristers 
l/ UJT and PUT Relaxation OsciUrtors 
2. DIAC Triggering Characteristics 

III. Phase Shift Ccmtrols • 

A. Passive Phase-Shifting Circuits 
1. 90 Degree Phase-Shift Control 
' ^ 2. 180 Degree Phase-Shift Control 
^ 3. Phase Shift Coiikrol Design 



V 
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'/ / B. AtJtiVe Phase-Shifting* Circuits " • 

1. Relaalation Oscillator Design. 1 
* 2. DIAC Phase-Shift Design . • 

tV, Electronic >^ControI of Motors . ' - 6 

A* - Electric -Motor Charecteristics ' * > 

1. Split-Phase Induction Motors • ' ,\ ^ 
. . ' , 2* Capacitor .dnd Shaded-rPoie Motors • 

• • 3. Universal, Polyphase ^IjKiuction "and Synchronous Motdrs 
' ' 4* Series-and Shunt-Wound DC Motors * , 

* ■ .5. Digital Stepper Motor » « 

• B. Fractional Horsepower AC Mo^or Confrdl 

, IC High Wrqu« Speed Characteristi'cs ^ 

2. TRIAC Control 

fc. Atijustable Spee*d DC Motor Control 

1.' Fractional Horsepower Speech-Controls * 
* 2. DC Shunt-Motor Control V " , \^ s \ 

V. * Tiding and Active Time Delays' ' 4 

A. Analog Time Delay Systems ' . 

B. Digital Tine Delay Systems ^ 

• C. Timing Sources _ ^ 

1. Schmitt Trigg^ - * ' ' ^ 

2., Astable Multivibrator * ^ , 

3. IC Timers (55S and 74121) " 

VI. Transistorized Industrial Control Relays • ^4 

A. Solid State Photoelectric Control . , ' . 

1. Photoresistance Cell pontrol 'Circuits* * 

2. Phototransistor and Diode Control Circuits 

B. LED Photoelectric Control 

1. LED Control Circuits , ^ 

2. Optocoupler and Isolator Circxiits 

VII. Digital Sequence Control . ^ 6 

A. " Relay Ladder Diagram 

B. Design of Sequencing Systems 

1. • "Common Sense" Approach 

2. Sequence Chart . - 
Ci Solid-state Logic Sequencing Systems 

1^ GE Transistorized Static Control — - 
2, dec's K-Series Logic ^ ^ ^^ . 

D. The Programmable Controller ' 

TOTAL 36 



LABCfeATORY 

1. Electronic Regulator* and Protection Circuits 3 

2. Three-Phase Rectifier Circuits " ^ 3 

3. Phase-Shift Control of SCR and TRIAC c ' ' * , 3 

4. Relaxation Oscillators for Triggering Tbyristors i *3 

5. DIAC Triggering of^Thyristors * ' ^ * ! ' ^ 

6. RL Phase-Shifting Circuits * ^ ' I * ^ 

7. RC Phase-Shifting Circuits ' ) * ^ 
8» DC Shunt-Motor Operation . ' 3 
9. SCR Automatic Motor Speed Control / ; • ^ 

10. Ccmaercial Transistor* Motor Control • i • • 3 



121 



^30 



' il* UJT-ControI,led SCR Time-Delay Circuits 
12* Integrated Circuit Time-Delay Relay ' ' 

13. Xran&istojf. Time-Delay Relay 

I4r . Phitoelectric Control Circuit Design 
IS* Relay Ladder Control Circuit Design 
16. Digital Sequence Control Qes'ign • 




/ 
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-Task. 9: Zodtrumentation and Measiiremeats \ * \ - 

Pgrforoance Objective ; . , ^ , 

. The learner will be given certain design placameters along with a desired 
response tbat^ applies 't^^ a particular circiiit or system contained *in any of 
the unit topics described in thi p^rfonaanoe guide, Usip^ these parameters, 
the lesTOer will^th-en design, and fabricate a circuit or systea th^^ yields the ^ 
desired response in a laboratory sitiiation. . / ' * 

• . • »» 

In addition to the design and fabfication'eatperlence, ^he^i^amer will ba ' 
given a faulty circuit or ^/stem atJd. its associated symt)tqmB, *Tbe learner wliX * 
then diagnose, trouti'leshoot .and correct th^se fax^ts, thereby restoring the 
circuit dr system t;o\prr6per operating condition* ; ' . 

Criterion-Referenced Heasure? ^ \ " . - 

At thfe completion of the task^ the leai:ner wiil be tested to ascertain his. , 
achievement l^vel with the 80 percent leVel being considered successful. This 
will fie a written exam lasting two hours 4, , ^ 

• ' * - ^ / ^ ' ' " ^• 

Perfopnance* Guide; THEORY" ' ' - - 

• ' Stjfgestea- 

■ " , ^ \ Hours 

I,^ * Basic Measuring* Instruments^ . \ ^ ^ *~ \ 

« ^ 'A, Probability and Error Analysis - . • * - V ^ * 

1, ;Er'ror Analysis ' ' . • ' — ' / 

2»- Statistical Analysis . - ' ^j^. .* ^ - • „ 

' • B,* Passive Ammeters, Voltmet^s and Ohnmeters ^* . ^ • 

r, Aiineter Shunting Techniques - ^ * • 

2* Voltmeter Multiplier x^echniq^tfes ' • J - 

• ' , 3, .Ohtnafet^r^Circoitry " *^ ' ' • ' 

• , C, »AC VoltmeteifS . ' ' • ' . 

1^'^ Iron-Vane Voltmeters ^ - ^ ^ " ; 

2, '.Electroctynometer Voltmeters ' • ' 

3., Recti*fier-Txpb^ AC Voltmeters . • • ' . " ' , . . 

II. Electronic Instrunients for Electrical Pardmel^er Measurements- 6-. 
A*, Va'c^un-Tube Voltnjeters (Aialog) ' > * . 

1, DC an3 AC* Voltmeters / • » ;^ * • / 

2. Balanced-BriTige Voltmefer J • ' ' . * • 
B, .Transistorized Voltmeters ^ ^ " - ' 

1, * ^tans'lstor Bridge Circuits . • . 
^ X. *FET Bridge Voltmeters • ^ . • ^ ^ 

*-C. rfig^tai: Voltiseters * . . \ 

\1, Raiiip-Type DVM • * , ^. .-^ ' ^ • "/ / */ • '^1^^^^ 

2. ; Integrating-^Type.DVM • ' - ' 
III.*. Potentibmeter Circuitry and Applicat4onjs ' ' , • ' V ^ 

A, Potentiometer Basics and Multirange Potentiometers 

B. The Voltbox . T . 
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G. Calibration of Voi^et^rs and Ammeters 
D._ Self-Baiancing P.btentiometef 
Bridge-Type Insjtruments ^ ^ - 

A^' Eesi^Jtance Bridges ■ ^ ■ ^ . , ; 

*1, Bridge Balance Requiremlhts ^' . . ! 

2. THe Wheatstone Bridge- '^^^ 

3. Britige-Type, Indicating Instruments 

B. Capacitance Bridges - ,^ * . 

1. Basic Capacitance Bridge . 

2. * Schering Btiiige ■ - . T^^"'""'.; 

3. ' ' PoweytV Factor Me^uremetits . 

C, Induct.anc^Bridges , / * 
1^ Review of Indttctbr Characteristics" 

^ ^2. Kaxwell and Hay Bridges 

3. .The' Owen- Bridge 
I). Impedaace Bridges * ^ ' , 

' . '1. Basic Impedance Bridge , ' . 

.2. Capacitance and Inductance Measuring. FimCGions 
• 3* • Principles of the Q-Meter w. . ' 
Electronic Display ^Instruments, '/ 
' A. Bast^c Oscilloscope Circuitry ' ' • ^ , . . 

1. Cathode Ray Tube Characteristics 

2. Bas.ic oscilloscope Operation 
BV ^General Purpose Oscilloscopes ' . . ^^"^^ 

l \ Time-Base Operation . 

2. ^"^re^i<;ar*and' Horizont^ Aiiplifiers^ \ . / 

C. TriggerM-Sweep OscilLoscope^ , ' • . ^> 
^ L;;; Circuit Operation \ *' / ' 

' 2. Calibrator Section ■ ' . ' 
. . 3. Probes for Oscilloscopes • . ^ ! ' ^ 

Signal Generators and.Vavef brm Analy^iers ;^ * 
'A,. Oscillaturb . ": "**> 

B. Sign^ Generators ' . . 
Funqti*cm jSenerators ■ 

D. Wave Analyzers . 
£.'• Distortioh Analyzers 
Frequency- and Time' Pleasuring Inst.rt^fit« 

A. The Decadj^^Qunting 'Unit . ^ ' 

B. -- The Control Cfate 
" C/. The Time Bai^ and Asspci^ed Circuitry- • 

dT Frequency-and^-PeriQrf^J^urements \ " ' \ 

Transducers in InsbruDeiatL Systems 

A« Classificaftion of Transducers * ".^ ' . / 

•B. T-r^nsdyfcexi Selection * y \ - " v- 

C. '' Difepl^fcem^nt, Temperature. anfl Opt^ "^tajj^ducers 
.D-. Magnetic fteasuremen^s. ; ./^. \ ■ ^. ' • 

Da^a .Conversion -and AcquisitipnlSyaCeSii^ ; ^ ' * 
A'. .i^trmen,t"ation S>*stems « ' ^ . 

J^^Magn^^ic *"Tape Rpcd^ders* / ' ■ - ; . , 

O./'D/At'-an^^A/D Converters ' ^ J; ;"\.-''- . / < / . 

IK Multiplexing Systems ' /, ' • * 




LABORATORY ' ^ 

Statistical Analysis * ^\ 

Aimneter and Voltmeter Circuitry 

Ohmmeter Circuitry , ' • * 

Rectifier-Type AC Voltmeter Design t . ^ 

Transistor Bridge^Voltmeter 

* Basic Digital Voltmeter ' . • 
?9tenticirr^ter Calibratijon. Techniques 

/Wheatstdne Bridge Design . ' 
Capacitance and Inductance* Comparison* Bridges 

* Uaes' of the^,Qj4l'eter 

Usfes' and Applications' of Laboratory Oscilloscopes 
. DeVign and Calibration- of Oscilloscope Probes. 
Us^s of Wavef orm.Gei^erators and Analyisers' ' 
Use s. and Applitaciona of 'Frequency Counters ' 
Trinsducer Systeijs in Industry ' \- 

A/L and D/A Converters 
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Task 10 : Electronic Design 



Performance Objective ; 



Th6 learner will be giyen certain design parameter^ along with a desired 
response that applies to a particular circiiif or system ^ontalned in any of 
the unit topics described in the performance guide. Usiii^ these parameters, 
the learner will., then design and fabricate a circuit dr sjfstem that yields, the 
desired respoiise in a laboratory situation. 

In additi^on to the design and fabrication experience, the learner will be 
given a faiiltj circiiit.or system and its associated symptoms, pie learner will 
,then diagnose, ^troubleshoot and correct these faults, thereby restoring the 
circuit or syst^em to proper"^0per«tlng condition. ' * 

Criterion-Referenced Measure r . " V * 

At the completion of .thfe task, the learner will bfe tested to ascertain 
his achievement level with t^e 80 percent level being considered successful. 
This will be a written exam lasting two. hours. 

k * - « < * 

• « . ' * V- 

performance Guide : ' ^ THEORY 

Suggested 
Hours 

1. • Student-Advisor Conferences . / 

The student willTiaveJ contitiu^l conferences with his project" - 
advisor, throughout the "duratiop of the project* The problems 
^ t^^ encountered by the §tudent vill be discussed wfth the advisor 
who will in turn make suggestions and rec^^rmmendations to t;he 
stiident ^concerning his project. V ^ ' / 

II. Design-Phase . ' / \ 16 

A. Design Objective—Determined by' mut^l agreement between 
-1 tjie student and the project, advisor " • . . 

B. Research ^of Literature ' * ^ » . ; * 

C. Preliminary Circuit /Design- ' 

D. Ptelijnina^^y Circuit Breadboarding and Testing • * * . 

E. Circuit Modifications r . , . \ 
- III. Product Fabrication Phase . , 16 

The student assembles the final product in the appropriate 
package,' using modem, up-to-date fabrication tod, assembly 
techniques." ' ' >. ' 

1^. Product Testing Phase ^ . * 10 

^The st;udent will now test the final, product to make 'sure It 
y meets the appropriate design parameters. Next, the project, 

'advisor tests the final product and g^ves his approval. . • 
V* Final Report ♦ . . ,6 

The final report follows the quidellnes set up^for writing ^ ' " 

a thesis. Ijfc'^will outline the design, development^ materials * \ t \ 
used, fabrfcat*ion techniques, testing procedures, conclusions *** ^ 
and tecommendations regarding the produpt^ The report is ..^ ' * , 
diagtaimatically and graphically illp^ated. Photographs of i ' ' ' 

the product are also included. V ^« , ^ 

f « 

— ■ ■ ■■^■■/ 

.. . • ; ,. '/ *V 
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Auxiliary Ask 1 ; Praftiiig for 'Electronics 
Perfonnanae iGuide: 

• THEORY 

I: Fundamelitals 

A, I^ec|anj,cal Drawing Equipment 
' IV. lUse and Care 

'2; lElectronic Symbol T^plates * 
' 3, lAlphabet of L^nes 

B, Sheet Layouts / ^ ^ - ^ 

1, I Papers, Sizes and Border Lines 

2, ^ameplate, Blocks ^S^^^ale^ 

3, 'Centering and^ocedure 

C, Lettering ^ 

1, Types ' • ' 
eehand Techniques 

Use of Lettering Templates 
Elementary Geometrical Con&tructi^a^ns 
11. Sk-^tchitig and Shape Description 

A, Techniques of Freehand Sketching 
--^ 1, M&asuring Subject 

2. Block Drawing^ and Proportiolis 
3! Detailing,'-:"'" ' 

B, Tl\eory of l>'rojection 
^ T« Isoimetri'c ^ . 't\ 

2, Oblique \ 
' 3, Sketching 
* 'C, Multiview Drawing' 

1, Principles ^ ' !** 

2, Relationship of Views' ^ 

3, Selection or Views ;J ' 

4, Treatment of Invisible /Surfaces 
'5, Auxiliary Views 

D, ' Sectional Views 

1. Half Sections 

2. ' Full Sections 

3. Broken Sections * .* 
Ill* Dimepsioning 4^ 

A, General -Diraensibhing 
, B,/ Forraidation and Placement of Shop Notes 
' C. Toler^nces^ ^ ' * 

1» Piilrp'ose ' • 

2. Terminology 

IV. ^Pictorial DrSwing^ 

• A* IsometrjLc* Drawing , « , ' 

1, . Position of Axes * ^ ' . 

• Steps ifn Construction * * * 

y - ■ B. JShadir^g > ^ \ . ' 

. ^ ^ Shade Lines 

.t/ ^tji^f'ace Sfiadifg with Lines - 

U ^l, StiWpUn^ vt V ' V 

V. r.J. V« .V ^\ . . / 
• i ■ " . i> ♦ .J " ' 




Sugxested 



^1, 



1 



\ — 



'2 



4' 



'/ 
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V, 



VII. 



Working iJrawings 

A. Detail Drawings 

1, Ptirpose 

2. CdBStruction 

B. Asseobly Drawings 

1. Types 

2. Uses 

3. Parts Lists . 
VI.* Electrical Circxxits 

A. Electrical Symbols' • , 

1. Electronic Synbols 

2. Logic Symbols , 
Architectural Symbols 
Power Symbols 
Symbol Guides 
Relays J * ^ 

B. Schematic Diagrams 
' 1. Schematic Layouts 
• ^. ,^Comp^t>t Plow Charting 

C. 'Wiring Diagrams * • , 

1. Industrial - ' ' ' 

2. Communiciation * 
Electrical ^Layouts 
A. Layouts 

1. Chassis 
Panel 

3. / Laboratory ^ 

4. Printed Circuit 

5. Integrated Circuits 



r V 
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Auxiliary Task 2 ; Technical Mathenat^cs I (Algebra and Trlgonooetry). 



Perfomance Guide; 



THEOp.Y 



Fundamentals 

A. NisabBrs and Literal Symbols 
« B. Ft;yadamental Laws of Algebra 
. C. ' Law of Signs 7 

D. Operations with Zero 

E. Exponents and Radicals 

F. Addition and Subtraction of Mgebraic Expressions 

G. Multiplication and Division of Algebraic Expressions 

H. Equations and Formul^ 
II. Functions and Graphics 

A. Functions 

B. ' Rectangxilar Coordinates , 

C. Graphiag Functions 

D. Zeros of a Function ^« ' ' " * 

E. ?olar Coordinates • ^ * ' , - 
III. Trigonometric Functions 

Angles^ ' . ' 

B. Right Triangle • 

C. ^ Trigonometric Fimctions 

D. Values of Trigonometric Fxmctions ^ 

E. Use of Trigonometric Tables 

,F. Trigonometric Applications of the Slide Rule 
IV. Linear Equation^ and Determinants , ' , > 

A. Linear Equations J 

1» Solutions of Two Equations *wlth Two Unknown^ 
a» Graphical' • 

b. 'Algebraic^ 

c. By Determinants 
?. Solutions of Three Equations with Three Unknowns 

/ ^ a. Graphical 

b. Algebraic • 
^' c. By Determinants s 
V. Factoring and Fractions * » ^ 

A. factoring N 

B. Simplifying Fractions ^ 

C. Addition anti Subtraction of Fractions 
.D» Multiplication *and Division of Fractions* 

VI. Quadratic Equatiorte 
A. Definitions 
d. Factoring 

2. Completing the Square. 

3. .Quadratic Formula 

4 . Graphical \ 
VII. Trigonometric Functions of Any Angle^ 

Signs of Trigonometric Function 
Radians 
Ci . Applications^ of Radiaixs 
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^ TrigcmoSietrlc Functions of Any Angle 
V 2. Catcher SliSe ^ul^ ^^Ucatlons ^ • 

VIII. Vectcrs and Ttiangles "'^^ \* ^ * 

A, ;5?ector^ > • . ^ 

B< \ Appli,c^on5 Vectors . . 

c/" Oblique 1*^163 * • - * 

^^•D. \I*at? cvf- Sines -"^ 

E^. -l;aw of Cosines . . ^ ' * * ♦ • 

•IX. Gr^^hs "the Triscnoc^rit Functions , * - > 

. A. Gr^hs of Y«A s£n x gnd Y«A cos x . 

Gr^s of y=A sip bx and^A cos bx 
• ^ ^ C^/ Graphs of-Y»A $ta. (bx c) and Y<A cos (bx + 'c) 
,,Graphs oi Y«=tan ^oc x, Y«seq X, Y«csc x 
» El':* Applirc4ti<xn^* of the :jris9aonetric graphs 

.f . . Cos$>osit€ Tti^nospetric Cxirves 
X. ' Exponents and. lU^dlcais . . ; \ 

A. Positive Intei^rs as Escponents * , v 
^B. "Zer(> aiid ?J«^ative Integers as Expdnent^ ^ 
^ • \C. Fractional Exponent^ ' 

S^plest Radical Forte V '^"*^ ' « / / 

. -Addition and Subcractiaa of "Radicals * : 

. '^•Hultip-iication anfi *6iv£siao- of Raiiicals V , . \ 
XI. J Op^er^fbr . ; . • . \ * *V 

7 Imaginary and. Complrex Niciber^ 

, dperatiai^s .with l^tta^)']^ NxSiaSers-"* ' ^ 

. GrapMial'.^eprefeentatip& of Conpflex Nimbers. \ 
... Polar Form ofy^ -Cotoplex tJuabe't 

. Products', Qy«ientSj Powe'rs, and Roots of Complex Nixaber^ 
XII. llogarithos 

^. Exponent Irfl* and 'Logarithmic Functions 

Graphgx« YfSx and Y»log b^ , ^ ^ 

3erties*of Logarithms 
'^Logarithms to the Base 10 * , • ^ 
Computations Usii^* Logarithms * ^ ^ 

. , Logarithmic Applications of the Slide R^ile 
Solving Equations and Systems x^f Equations ' 
Av Graphical Solution of Systems of Equations 
Algebraic Solution^ of . S^rstems, of Eqtxations 
Equatic5ns in. Quadratic Form • 
Equations with Radicals < ' 

^Exponential and Logaiithmiq' Eq^tions . . ^ . 

XIV. Properties of the Trigonometric F^ipctions ' . • 

A'. Fundamental' Trigonometric^ IdtotitlES * \ 

B. Sine apd Cosine of the- Sim. and Difference of Tw6 ^les 

C. Double and Half Angle 'Formula . . C- 

D. Trigonometric Equationa * ' \ < ^ ; 
XV. . Inverse Trigonometric functions • . ^ * --^ 

^ Inverse Trigonometric Fimctlons- , ^ 
Principal Valves " ' ' 

Graphs of the Inverse ;^gcineR3ietric Functions 



-XIII. 



5 '\ 



.5 



^- 

D. 

f'. 



B. 
C. 
D. 
E. 



B. 
C. 



TOTAL 



80 
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Auxii^ry Task 3 ; , Technic^rf Hathefeiatics li, (Analytic, Geometry, and CaiculM) 



?grforpan'ce Guide: 



-1/ Eleafents of Analytic Geometry 
- A. Straight Line 



S 



ors 



Circl-e ^ 



IV. 



T^arabola ' * / . ' 

HyOTri^Dla• - ' / 
r. Polar Coordinates" 

Areas UiJder .C\ir.¥C 
D iri f ^ r c ie;t-icrr 
A. Linits. » 

Slope of a Tengent to, a- Curve-' 



15 



•Deriva?u.ves 



Gn" 



Derix'^tives of Polynonials^-"" 
I>erivatives of Products ■ and. Quotients 
Dei;ivativ^s''bf^'"a Power 
Curve T rating • ' t 

Maxiau2», and ^tinisnia 



III.. Integration 



A. differentials 'and 'Invferse^if f erentiatiot 
^ Itdeflnite Integral 
b. definite Integral 
D^' Ar'fe^^y Integration 
E. Voli^^^^by 'integration 
?• App-liCax^^ns of the Integral 
,Dif f er^tiati(M^f .Transcendental Functions 

A. Derivatives of- the Sine and Cosine 

B. Derivatives of Cije Other trigononetric FuncttLond- 
j^vatives of theNXnverse Trigon6aetric Fur =tions' 

^ the.Cogarithnic Function ' ^ j 




D'erlva^Cve5 of 



D. 

E. Derivative of Exponents 
F .v^App 1 ic a t i ons 
Integration Techniques 




V, A. Gene^^al Exponential Fonnula 

B. Logari.thnic and Exponent i,al Fontf 

C. , BasiC.Trigonometric. Forms 

Integration by Parts 
. E. Integration by Substitution 
. , F. vUse of the Tables 
'VI. Fourier Analysis 

A. Introduction y ^ ' 

B. 'Developing the Fourier Series 
.Xi Even and Odd Functions 

. ' D. Application . ' ^ " 



■"TOTAL 



64 
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Aiixillagf^ta^: 4 ; Techuicai Physics I (Proi^rtles of Matter and Mechanics) 



Petfoxnance Guide ; . ^ ' ' ^ Suggested 

' * Hours 

. THEOIJ 

Introduction * * 

A. Physics: A Study of Matter and Energy 

1. Matter 

a. Solid 

b. Liquid 
c . Gas • 

2. Energy 

a. Foms ' . . 
(1) Potential 

(a) Chemical 

(b) Position 
- . (c) Nuclear 

' ^ ' (2) Kinetic" ' ^ 

b. •Conversion ' ^ • ^ . 

B. Hatheaatifis for. Physics * • ^ \ 
'\ 1. D^ciialls 

2. Exponents 

• 3". Trigononetric* Functions - - - # 
4. Graphs^ Design ahd Interpretation 

* 5=. Slide Rule , . ' 

' C. Sysd>ols aiid Jenas 

vD. ; Pro^lea Solving^ " . . ' v ^ 

11. '>J€^uj:^ent . ^ * ; 

A. Fun^ai^nCai .Units of Measuresaent • ^ \ 

•^\a. Ehglish * . • ' ' 

b.. Metric " • ' ' ' 

- ' *- • t:. XonversiJbn Factors n > 

2/' Mass' . ' " : ' ^ . , 

''a: English • 

. b. * Metric * . • » 

* ' . c. Convfersion Factors 
.•3. Tine * . ' • 

B^* jecoTidary Uhit^ ojE Measure 

'l. Area • . ' . 

a: English- ? . ^ ' • ^ 

b. lietric • " ^ \ 

» .a.* English • . . 

" ; , b* MeVric : ' \ • . . 

c/ Measuring Devices itid TechtdqtJ6^ ; . . ' ^ 

, LeTig-tX . ' ' 

' Scaled ^t^raight E4ge ^] ^ ^ V /* -."^ ' 

• . h. Caiipfers and Dividers • * * 
ci> Microaet^r Caliper- . . ; \- 

,i.^^d. ' Vernier Caliper ^ ^ , ■ . . . * 

^ • >e^ Gauge Blocks 

'i. Optical Flats - * * . * t . 

2. Area « • ' * 



; III. 



Av. 




2. 
3. 
4. 



3. Voluae 
4% Mass 

5. Force — Spring Balance ^ 

6. Time 

7. Direction 

a. Units 

b. Heaaurement 

c. Scales 
AtoQS SXid Holecules 
A. Structture of Matter • 

1. Atoms 

a. Electron Orbits 

b. Kucleus 
(1) Protons 

• (2) Neutrons 
Molecules 
CoispouDds 
Mixtures 
States of Matter 
1. Solid* ^ 

2» Liquid * • 

3., pas* ' 

Forces Anong Molecules 
1. Cohesion 
2/ Adhesion' 

3. CapiilAry Action 
Jdolec\iles, in -Motion 
1* Brovnian Movement 

ftiff usfon ^ 
sno^is 

Kinetic Theory ^ 
es and ^enxxaena of ISolids 

Haas" A 
Weight ^X:^ 
asticity* ^ 

tress - V. X 

Te^lonal ^ / 
-Gobpress ional ^ j 

3; Torsional * 

4. - Shear . , 

5. Bending 

Straia . \^ ' ' • • 



X 




D. 
E. 
F. 




Hooke's Law 
Young \s Law 

1, Ratio of Stress fco Strain - * 

Elastic Linit ' ^. . 

Hardness, HalleaTjility. Ductility, ^auid Tensile ^Strength* 
. Effect of Beat ^r- . \ ^ * 

Ik Linear SicpaAion . . - * ' 
2\ Area Expansion , ^ •• 

3/ Voluaetric Expansion . • ' ^'1^. » 
rties'and Phenooena of Liquids • « 
Prtosure " • * 

1, M^asuTCTent 

2. Calculation * * ' * 
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3. Pascal's Vases 

4. Head '■ 
9. Fbrces in Fluids 

1* Archicedes' Priifnciple 
2. Bernoulli's Pifinciple 

C. .Physical 

1. Viscosity / 

2. Volatility 

3. Specif ic TJr^ity 

4. Densitjr - ^ ^ , 

D. Hydraulics # * . ' ^ 

1, Hydraulic Pte^& ; . * ' ' 

2, ' Puaps ^ . . * 

a, Centrif^jg^ ' - * . . 

b. .Lift" ' ' ' ^/ , X 
' Eorce, / * 

, ^ d,* Gear 

3, ftfjtdrs. (Hydraulic Driven) 

VI. , tPropert-ies aa<;^ '^^enbcsena <:f G^es . ■ 

• ' ^Ar' Elasticity , and Coo^ressibility^ • 

1. 'Bc^'le'e' L^~~ 
Z: ' diaries' Law 
/' " ' t r3. General Gas Law ; - . / . \ 
*^ 5.' /pressure ' . ' . « ' , /-^ 

^?cu^ ^, " -V ' * 

2\'. Ataospheric ' - ' ' v 

. ^ 3:' Absolute^ / " " / 

Pressure Gaug6 .\ - 

: ' * ''I., Baroaeter , ^ / 

^ Bourdon $auge " ;/ ' / • 

VII. , Vectors azxi Graphic Solutions'-^ V*' ' 
. A. v:6ctors* • - ' - , 

, • •GYrcphic Solutions ; ; . ' 

Vlll. \ ?orce and Motion ^ \ J ' . 

^\ ?orc^ ^ < 

1. Definition ' ' 

2. • tbrce oI'>Grayitatibn ' ' /. . '\ 

\a. Xewtod's' law* of Universal Grwiiatiofl 
, , b. Relation of Gravity to Wdi^^ 

Means of.Messurii^ jA ^ * , ' < 
B^, Concept of Mo'tiob 

*1. Velocity . 
2*^ Acceleration , 

3. Velocity and Accelerati^* , % 
' 4. Distance and Acceleration 

; . ^ 5. Acteleration-Due ta €Se Force. of Gr^ty 
*. C. >3ewton's LaJs 'of Motion 

1. Inertia • " ^ . ' - ^' ' : 

• ' 2. Acceleration " 

.3^ Action and Rea(5:tiop 
■ IX. Wtfrk, Energy and Power ' " , ■ - . 

A*. 'Vork V ' * ^ 

* " 1, Definition ^ 

2. Units of Work ^ • . , / ■ ; 
a. Metric 

. ' b. English . . ^ 
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B. Energy 

1. Classificaclon 

a^- kinetic Energy ■ ^ ' 

, Potential Energy 
- 2. Mcasureaent of Energy 

k.' Ketric ' • • 

b.. English 
.3» Energy and Its Transformation ' 

a. Original Sources ' ' 

b. Conveb^ion to Other Fpnns 
Law of Conservation of Energy ^ • 

Moojentua * 

1. Impulse , \ * » 

2. Impact of M?>ving Floifis ' 

3. Momenttra and I<ewton's ^Thirti Law ?. 

a. Law of Conservation of Momentum 

b. Kofekets and Jets 
Pow^r' ' 

Definition 
Units of '^cfver ' 
f ici^ncy " 
uring Hotsepower ' . 
a. "•^r^ony Brake • - ' . 

b* Bl^tripa-l J)ynamdmetear * ■ ' ' . 

c. Hydraulic. Dynamometer 
Analysis of Basic Machines and Frictibn 

A. Basic Machines . ' ' ^ 

1* Lev.ei;. ...» ' , . 

a. Mechanical Advantages • ^ 
• ' b,'. Example^ ic^dTypea- ^ 
t' 2. Inclined -Platie* y ' - 

ai 'V^tpfial An^aly^ls ^ - 

' ' / ' b. Applications • . 

.3. .Hydr^Ultc Press ^• ^ " • 

^ B. Tiictlon , , . , 

l.'.-^iature of Frictiqn 

Analyzing Frictional Forces ^ . ^ 
Co^ffiMent q£ Frictr<m • . 
Effect of ^rixtlon on Machin^^^.- " 
Mcphani£:al Advantage' ^d Efficiency* o,f liachites 
Siaple ^Machines ' ' . 





Wedge'. . . : ^ . *'\ ' . 
Screwy ' , ' - ' • 

Wheel and Aitle ' • - |* 

faileysL-' - , ^ 

Gedrs , . . * f \ ^ . 

It/ Compound "Harchines ^ ' • . • ' 
* iU)tatl,on, Torque and Power Transmission 
A. Ratary Motion, v , ^ , . ,\ 
•B.*' i. " Rotation aji;Op^sed to Translation ' 

2. ' Angular Measurements 
: . B. Torque * ' . / . 

^ 1. ilaits^-of fotqoe. • < 

2* Contract tQ Work ' * : 

- " 3^, Applications . . • ' ' 



C . Power Transmission 

1^ Work and Power lu-Hotary Motion " | . . 

2. .Drive Shafts *^ . ' - , . 

D> -, Centripetal ^orce '* 

4.. Uniform Circular Velocity " . . ' . 

2. Circular Acceleration •* ♦ ; "V' 

3. vRelationship of Newton^ First L"aw of Motion ; . ^ 
4r :]^ationship of Newton's Second Law of Motion . < ; • 

5. Applications .7 \ ' * 

E. Centrifugal -Force • ' 

. i;i Relationship of Newton's Tliird Law .of Motion 
*2l 'Industrial Applications ^ ' ' 



I 



TOTAL 32" 
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Auxiliary Task H Technical PhyslcB II -{aeat> Light and 
Perfotoance Guide s \^ . . . \ \ - 

I. temperature an(J fieaf ' ■ . - * * 

• Temperatux^ - . * 

' 1. Dftfijiiition . V- • - j - . • . * • ' 

2. ^Measurement . * 

a. *5ngli8h ' • 

(1^ ^ Fatenheit- ' v ' - 

* ^ , b. Metric^ ■ • • ' ' 

-J . * ' • ' (1) Celsius (Centigrade) " ' , 

\ (?) Kelvin oi^ Absolute , 
* (i,; ConverslijFi 

. • • d. Thenaometers : 

. (1) Liquid . • • 

' * (2)^Ga's ^ - . • 

. V • . (3)--*]Resistajice ■ ^ 

<4) Thermbfelectric ' ' ' ^ 

. * * • (a) Optical ' ' 

^ \ : (b)- Radiation " 

B. Heat ' ' ' 

1, Definition \ ■ ' . 

* *2. ^Contrasted witli' Temperature , j • , • 

3. tMeasuremenlT ' . ■ 
a. English . - * ^ ' . ' 

(1) British Thjftmal Unit (BTU)* 
• b. -'*{etrlc' ' . , • 

' . ' - (1) Calorie (cal) 
c. - Calbflaeter 

4. Specific Heat* and TherMl* Capacity . ^ * 

5. Law of Heat Exchajnge ' • 
^-6/ Change dr^ta te - ... 

a. - Lament' 5^t 'X3f Fusion ■ ' * 
, b* Melti^ and "Freefing 

. ' C' Latent Seat ^f^Vapprizatlpn 
• * d**"^ * Ev'aporatlon^ Boiling and, Condensatioix' .f 
i e. Effect of Pressure 

. I ;7.*" 'Heat Transfer- , • * - ' 

. befiixition - ■ ' " • 

b. Direction c . \ 

c. ^ K?ihods . : . ^' ' * - ' 
' (1) Convectloa '•'^ 

' (a) ' Forced . . 

H « . Katural. - 

"V.; / Cy/Radlatlon ' * ^ 
(a) Light and Dark Surface^ 
: . * • (b) Polished and Dull Surfaces 
; ■ ' X3) Conduction 
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Sound and Wave Hotioa . - . • ^ 

A* Wave Charaoteristics " ' * 

1.. Source • " . • / ' 

* 2.Vfrequency 

• ' 3.' ntch • . \ 

4. Loudness ^d Int;ensity 

5. Quality '\ 

6. Length 
- 7. Velocity 

a. £ffect of Medium ' 
"Zff^t of Temperatfdre 
B. TransverseWav.es *i 

1. Motion 
^ 2. Applications ^ . • 

' C. Longitudinal t?ave"s 

1. Rarefaction ^ 
'2. Cpffdensation 
' Q. Musical Tones ' ' • 

1. Pitch • * ' 

2. Wave Characteristics of 
E. Calculations . • 

- IF.. Technical Applications of SoifaM Waves 
* 1, Reflection ^ 

a. Measur^ents • 
' b. Ultrasonics 

2" Refraction , 
^ • 3. , Seismogt^phic Applications' 
: ' A^. Absorption of Sound ^ 
a* CoefiicienCs 
' * b. Materials . . 

ST Recording and^Reprqduction of Sound» 
, ' • a . Wax • • • • 

b. tJire 

^. c* Tape , ' * ' ' 

d. -Filflj . ' 

• 6. Resonance , . ^ 

III. Light. and Illumination i _\j ^ 

. A. Early Theories 

B. Present Theories Acoounting for Light Properties 

1. Wave 

2. Quaritina ' ^ ^ 
C* Velocity of Light . . * 

D. lUumination Calculations ^ ' ^ ^ 

• , . 1. Intensify ^ ' ^' 

A. P^iotQjneter / . 

X * b^^->Poot Candle Meter 

£.-Color7! • , . ' 

T. Diffusion • , ' ^ • 

0. .Ultraviolet Radiation . 
\ H. Fluai;escent lU^J^iMtiop: 
VI'. Principles of Optical. Measurement 

A. Light Rays 'and Beans . / . 
^ B. Reflection of Light • ^ . ' 
* 'I. Diffused ^ * •< . r • • 

^^2» ' Regular * ..V 

a» Iftages " *. • ^ 

b. Calculations of Angles 

138 
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c. Optical Levers 

(1) Calculations 

(2) Sextant 
3. Curved or Spheiiical Mirrors 

as Real andi Virtual Images 

(1) <;oiicave 

(2) Convex 
b . Calcuiatioixs 

(1) Image Locatibn 

(2) Image Magnitude * • 
C. Refraction of Light 

1. Index 
• 2, Calculation^ 

* 3. ' Critical Angles 

* 4. Lenses 

a. Types . ' »• 

b. Terminology • 

c";. Formation of Images ^ . * 
'd. Calculations \ 
^ ^ (1) Image Location 

(2) Power of Lenses • 

(3) Image Magnitude 

D- Dispersion of Light ' . . $ 

1. Prism ^ 

a. Color Spectruni » , ''^ • 

b. , Angles of Deviation and Disp^italon - * • 

2. Spectiroscop^ * . ' ' . • 

3 . Spectrograph | . s " , 

Ev Polari^zed Light, > • - . . • 

K Theory- ' , » * ' 

2. Detection . 

3. Applications ' \\ ' r ; • ' . 
Atomic Energy , , ' . , . ^ - 

A, Nature of "Atomic ^ergy ^ - ' . ^ J . ' 

1.. Darly Concepts ' * 

\2» Niiieteenth-Century Discoveries * ''^ 
^a. Dalton's Atomic Theory ..... " ' ' , 

h. Sir..^illiam Crookes* Cffthoiie Rajfs- . . * . / 

-c.* J. J*. Thotopson - Divisibility of Atoms - 
3. ^rly Twentieth-Century Discoveries y 

a. Robert A. Millikan Measurement of Electrons 

b. E* Goldstein and W. Wein - ^iscQvery of Protons 

. ' c. X*crrd ftutfterford and Uiels Bohr - Planetary Concept 
df James Chadwlck - Discovery of Neutrona 
•'4. Atomic , Weight and Number i ' 
5f Energy- in the* Atom 

a'. Eihstelnts ^lass-Energy 
rb\ Law of Conservation of Mass Energy 
eV Experliaent with Mthium 
6. Atomic Disintegi^ation 
7« .Atomic Bombardment 

a. cyclotron ^ 

b. Van de'Graaf Generator . ^ 

c. Betatron 

8. Uranium Kission - Slow Neutron^ Bcoibardtoent ^ 

• 9\ Fusion 
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Br Atocalc Energy for Military Purposes 
i; Sepal:ation of U^^^ from u238 
2* .Fissionable Plutonima 

C, Industrial Uses of Atomic Energy* 

1. Plutonium Reactor and Power Developer 

2. 'Radioactive Isotopes 

1 



TOTAL 



32 
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